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DEVELOPMENT OF TUBERCULOSIS IN 
ADULT LIFE 

J ARTHUR MYERS, MD 
H S DIEHL, MD 
RUTH E BOYNTON, MD 

AND 

BENEDICT TRACH, BS 

MINNEAPOLIS 

* 

When the iioids phthisis and consumption weie employed b}^ 
Hippocrates, the}^ designated exactl)'- ivhat the physician saw when he 
made the diagnosis Later, when it was known that the disease usually 
exists foi a long time befoie the body visibly wastes away, the woid 
tuberculosis was coined This woid is all inclusive and in the light 
of recent obsenations may be applied to the disease from the time the 
neutrophils first phagoc 3 tose tubeicle bacilli until the death of the host 
results 

Until recently physicians weie unwilling to make a diagnosis of 
tuberculosis until clinical manifestations were piesent, such as symptoms 
and abnormal physical signs, with loentgen findings, or until the labo- 
rator}'’ methods levealed tubeicle bacilli in the sputum or pleuial eftu- 
sion or elsewhere Although diagnoses based on these ciiteiia 
were made far earhei in the couise than those in the time of Hippociates 
and for many centuiies thereafter, they usually indicated that the 
disease had been present for a long time, and in fiom 80 to 85 pei cent 
of the cases the disease had reached a moderate or far advanced stage 
It is now known that the first attack of the tubercle bacillus is on 
the neutrophil, since it is this cell which fiist phagocytoses the bacillus 
The pol 3 ^sacchai ide content of the bacillus is toxic to the neutrophil, and 
although this is a single cell, the destruction iii the body begins with 
•j-j-jg “iPfiess and death’^ of the neutrophil Therefore, the fiist skiimish 
lesults in defeat for the human body No sooner do the toxic effects to 

Prepared with the aid of a grant from the Research Fund of the University of 

Minnesota , , ^ . <■ r ^ i 

From the Department of Preventive Medicine and the Department of Internal 

Medicine, the University of Minnesota, and the Lymanhurst Health Center 

Presented in part before the Chicago Tuberculosis Society on March 13, 1936, 
the Iowa Tuberculosis Association, Fort Dodge, Iowa, on March 19, 1936, the 

(Footnote conttnncd on nert page) 
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the neutiopliils become manifest, howevei, than the second line of 
defense makes its appearance This consists of the monocytes, which 
surround the ill, dead and distintegrating neutiophils and ingest them 
and the tubercle bacilli which they contain There is nothing in the 
chemistry of the tubercle bacillus which destroys the monocytes How- 
ever, the phosphatide content of the bacillus appaiently causes their 
conversion into epithelioid cells While some bacilli may die m the 
epithelioid cells, others not only remain alive but also multiply Later, 
lymphocytes are attracted to the site of the developing tubercle 

It IS possible that the differential leukocyte counts of the peripheral 
blood may be found to give some evidence of the developing tubercle 
An attempt is now being made to determine whether the increase in 
neutrophils, followed by an increase m monocytes and later by an 
increase in lymphocytes, is sufficient to be demonstrated m the peripheral 
blood m a receijtly exposed subject who has actually become infected 
with tubercle bacilli While such changes m the leukocytes are not 
specific for tuberculosis, in the absence of other conditions which 
cause them and in the presence of recent exposure they are suggestive 
when demonstrated 

The waxes of the tubercle bacilli stimulate the proliferation of 
fibroblasts, while their acetone-soluble fat causes proliferation of all 
local connective tissue cells This results in the laying down of fibrous 
tissue around the periphery of the tubercle In many cases lime salts 
are deposited in the small caseous centers and in the capsule, while in 
about 25 per cent true bone is laid down m the capsule ^ Thus, a 
tempoiary victoiy is won by the body, but unfortunately the bacilli 
remain alive, and the fibrous and even the bony capsules surrounding them 
may rupture or later be resorbed, ^ thus setting free these living and 
virulent micro-organisms 

After a period of from three to seven weeks “ of tubercle formation 
enough tuberculoprotein has been libeiated by the bacilli, through dis- 
integration and other processes, to result in sensitization of the tissues 
to this substance Up to this time there has been no way of determining 
the presence of tubercle bacilli and tubeicle formation in the body 
There are no symptoms or abnormal physical signs, the tuberculin test 
IS negative and roentgenograms give no aid Indeed, before sensitiza- 
tion appears, tubercle formation is sufficiently under way to control 
the tubercle bacilli at least temporarily and often for the lifetime of the 
patient 

Oregon Tuberculosis Association, Portland, Ore, April 2, 1936, and the California 
Tuberculosis Association, Sacramento, Calif, or April 3, 1936 

1 Sweany, Henry Studies on the Pathogenesis of Primary Tuberculous 
Infection, Am Rev Tuberc 27 559, 1933 

2 Wallgren, Arvid Primary Pulmonary Tuberculosis in Childhood, Am J 
Dis Child 49 1105 (May) 1935 
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Aftei sensitization is established a most valuable diagnostic aid is 
available, in that tuberculin or pure tuberculoprotein applied to an 
abrasion of the skin oi administered mtracutaneously results in a 
reaction which reveals the presence of sensitization to tuberculoprotein 
As far as is known, there is nothing which is taken into the body which 
results m such sensitization except tubercle bacilli which have caused 
tubercle formation ® Thus, a positive reaction to tubeicuhn is highly 
diagnostic of the first infection t 3 ^pe of tuberculosis somewheie in the 
body 

At one time it was thought that the first infection type of tuberculosis 
IS established in a high percentage of children before the period of 
1 adolescence This probably was true in many places and apparently is 
still true in a few densely populated centers, such as Philadelphia^ 
Howevei, throughout the gieatei part of the United States and in some 
other parts of the world the campaign against tuberculosis m man and 
animals has so greatly i educed oi controlled the number of cases of 
communicable tuberculosis m both man and animals that laige numbers 
of children now grow to adult life without having had the first infection 
/type of tuberculosis Indeed, m a few places the situation has been so 
completel}’- reversed that, although formerly from 90 to 95 pei cent 
of the }Oung adults had been infected, now only from 5 to 10 pei cent 
react positively to the tubeicuhn test^ In Norway Heimbeck® found 
that 52 pei cent of the students entering a school of nuising leacted 
negativel}'’ to the test A smiilai percentage of negative leactois was 
found ill othei groups in the same age period In the part of the 
French arni}'^ recently tested as many as 42 per cent of the soldiers 
reacted negatively to tuberculin ' In our testing of student nui ses dui mg 
the period of probation m lecent years we have frequently found that 
less than 10 per cent react positively to the tubeicuhn test® Thus, 
large numbers of pei sons aie now i eared through infancy and child- 

3 Baldwin, E R Studies in Immunity to Tuberculosis I Hypersuscepti- 
bility or Anaphylaxis, J M Research 22 189, 1910 Krause, Allen K Factors 
in the Pathogenesis of Tuberculosis, Am Rev Tuberc 18 208, 1928 

4 Hetherington, H W , McPhedran, F M , Landis, H R M , and Opie, 
Eugene L A Survey to Determine the Prevalence of Tuberculous Infection m 
School Children, Am Rev Tuberc 20 421, 1929 

5 Fourth Annual Report of the Tuberculosis Committee of the American 
Student Health Association, Journal-Lancet 55 350 (June 1) 1935 

6 Heimbeck, J Immunitv to Tuberculosis, Arch Int Med 41 336 (March) 

1928 

7 Tuberculin Testing of the French Army, Pans letter, M Rec 142 524, 

1935 

8 Myers, J A , Diehl, H S , and Lees, H D The Student Nurse and 
Tuberculosis, JAMA 102 2086 (June 23) 1934 
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hood and pass into adult life without having even the first infection 
type of tubeiculosis 

With the decrease in the incidence of positive reactois among children 
and young adults in many parts of this country, there has occurred 
a decrease in the morbidity and mortality from tuberculosis It has 
been pointed out that in some schools of nuising in recent years all the 
students who reacted negatively to tuberculin as probationers reacted 
positively at the time of graduation ® If all uninfected students become 
infected during the course of their training, it seems probable that those 
who were infected previous to training are reinfected Therefore, with 
approximately 100 per cent of the students contaminated with tubercle 
bacilli during the course of their training, one must expect the incidence 
of demonstrable lesions, which subsequently develop, to be much higher 
than in a general population, in which not more than from 10 to 30 pei 
cent of the young adults have been infected with tubercle bacilli Where 
actual observations have been made this has been found to be true 

Great feai has been expressed by some authors that since the 
•^o-called protective doses of tubercle bacilli did not reach the bodies of 
these young adults in the period of infancy or childhood, when they 
become infected in schools of nursing and medicine, very serious forms 
of disease will develop Others have asked what actually occurs in 
such uninfected subjects if they become contaminated with tubercle 
bacilli for the first time in adult life Does a more severe form of 
tubeiculosis develop, and do the lesions respond to treatment m a 
different mannei than those of persons who were first infected earlier 
in life^ 

In schools of nursing and medicine, wheie the students come m 
contact with tubeiculous patients, in the absence of an adequate technic 
foi dealing with contagious disease, there has in recent years been 
presented an opportunity to study the development of tuberculosis in 
young adults that is rarely equaled by animal experimentation, except 
that in experimental work it is possible to control the dosage and to 
kill an animal at any time in order to make a postmortem study Since 
1927 we have seen many students of nursing and medicine become 
contaminated with tubercle bacilli for the first time, the evidence of this 
contamination being a positive reaction to tuberculin which appeared 
after the student was exposed to tuberculous patients In many of these 
students there has been no other manifestation of tuberculosis as yet 
They are classified as having the first infection type of disease some- 
where in their bodies, with the location undetermined Among this 

9 Geer, Everett K Tuberculosis Among Nurses, Arch Int Med 49 77 
(Jan ) 1932 Heimbeck ^ Myers, Diehl and Lees « 

10 Factors in the Falling Death Rate from Tuberculosis, editorial, Ann Int 
Aled 9 1154 (Feb) 1936 
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gioup Ave have obseived subjects in whom aftei the tissues had become 
sensitized lesions developed in such locations or to such an extent that 
they could be demonstrated by roentgenograms oi other phases of the 
examination None of these subjects has been observed for longer than 
nine yeais and many of them for a much shorter period A few have 
been briefly reported on elsewhere In otheis who reacted positively 
to the tuberculin test when they entered, we have also seen lesions 
develop Therefoie, we have grouped these subjects on the basis of the 
tuberculin leaction, the t 3 ^pe of lesion which subsequently developed and 
other factors 

GROUP 1 

In the subjects m gioup 1 the reaction to tubeicuhn changed from 
negatn’'e to positive under our observation, and eiythema nodosum 
appeared 

Case 1 — In September 1931 an 18 year old freshman ni a school of nursing 
reacted negatu ely to tuberculin She again showed a negative reaction in 
September 1932 In February 1933 she had erythema nodosum, following which 
the tuberculin test was found to be strongly positive There have been no other 
de\elopments and apparently she is in excellent health at present 

Case 2 — In January 1932 a freshman in a school of medicine reacted negatively 
to the tuberculin test In March 1933 and February 1934 he still showed a negative 
reaction Roentgen films of the chest in January 1932 and February 1934 showed 
no evidence of disease He was on a service for tuberculous patients for three 
weeks in January 193S On February 4 the tuberculin test was positive In 
March 1935 he had erythema nodosum In December 1936 a tuberculous abscess 
developed in the soft tissues beneath the clavicle on the right side In February 
1936 films showed no evidence of disease in either lung 

Thus, only two of the persons we have observed have come to our 
attention with erythema nodosum This is m sharp contrast with the 
observations made by a number of authois who have reported erythema 
nodosum as a common development among those whose tissues have 
lecently become sensitized to tuberculoprotein We are cognizant of 
the fact that erythema nodosum is not always caused by sensitiveness to 
tuberculopiotem and that a number of other conditions may be respon- 
sible However, when it appears, it is sufficiently suggestive to lead one 
to make a careful examination for tuberculosis We have not regarded 
erythema nodosum as a clinical form of tuberculosis 

GROUP 2 

In the subjects in gioup 2 the reaction to tuberculin changed from 
negative to positive, and a primary focus was demonstrated roentgeno- 
graphicall}'' No othei lesions weie demonstrated 

11 Myers, J A (a) Recent Facts on Transmission of Tuberculosis, J A 
M A 97 316 (Aug 1) 1931 , (b) Types of Tuberculous Lesions Found in Chests 
of Students of Nursing and Medicine, Am Rev Tuberc 28 93, 1933 
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Case 1 — In November 1928 a freshman medical student aged 22 reacted nega- 
tively to the tuberculin test In 1931 the reaction to tuberculin was still negative 
Roentgen films of the chest m March 1930 and subsequently, including Jan 27, 
1932, showed no evidence of disease This student was working in a service for 
tuberculosis patients from Dec 18, 1931, to Feb 18, 1932 In February 1932 the 
tuberculin test was positive A roentgenogram made on April 25 showed a small 
shadow in the first interspace on the right, as well as a similar shadow in the first 
interspace on the left Twenty subsequent roentgen examinations, the last on 
Dec 16, 1935, showed that the lesions had varied slightly but that throughout this 
period there had been some decrease m the size of the shadow There were ro 
symptoms, and no treatment was given 

Case 2 — In September 1929, on beginning a five year nursing course, at the age of 
20, a student showed a negative reaction to the tuberculin test The reaction to 
tuberculin and the roentgenograms continued to be negative on periodic examinations 
From Aug 15 to Sept 15, 1933, she was assigned to a service for tuberculous 
patients On Jan 23, 1934, the reaction to the tuberculin test was positive, and a 
roentgenogram revealed evidence of definite infiltration at the level of the first 
interspace on the left Numerous films made after that, the last on Jan 3, 1936, 
showed a gradual decrease of the shadow, with possible beginning calcification in 
the hilar region of the left lung At no time was there any symptom of pul- 
monary tuberculosis No treatment was given 

Case 3 — In November 1928 a 23 year old freshman in a school of medicine 
reacted negatively to the tuberculin test On periodic examinations the reaction 
continued to be negative In December 1931 he gave intimate care to a diabetic 
patient who was in a far advanced stage of unsuspected pulmonary tuberculosis 
In January 1932 the student showed a positive reaction to the tuberculin test 
Roentgen films made in February 1932 revealed a definite infiltration in the upper 
lobe of the left lung, extending from the apex to the level of the second rib The 
shadow remained unchanged until September 1932, when there was some evidence 
of resolution On Dec 19, 1933, there was marked clearing of the shadow There 
had been no symptoms of tuberculosis, and no treatment had been given 

Case 4 — In February 1928 a premedical student aged 22 reacted negatively to 
the tuberculin test The reaction was periodically negative thereafter, including 
September 1931 Roentgenographic examination of the chest in January 1931 and 
January 1932 showed no evidence of disease The student was assigned to a 
special service for tuberculous patients from Sept 15 to Sept 30, 1931 Three 
weeks later the reaction to the tuberculin test was strongly positive At this time 
roentgen films of the chest revealed no evidence of disease On May 30, 1932, 
there was evidence of infiltration within the circle of the first rib in the first 
interspace on the right side There had been no symptoms of tuberculosis, and 
no treatment had been given 

Case S— In October 1928 a 20 year old freshman m a school of medicine 
showed a negative reaction to the tuberculin test The test was not repeated 
There was said to have been a normal roentgenogram in 1930 In June 1931 a 
roentgenogram revealed evidence of pulmonary infiltration in the apex of the 
right lung and m the first interspace and in the first and second interspaces on 
the left A roentgen film on Feb 2, 1932, showed no change m the shadows, while 
those made in September 1934 and in January and June 1935 showed almost com- 
plete disappearance of the shadows This man is now practicing medicine and 
apparently is in excellent health 
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Case 6 In January 1931 a junior medical student aged 24 showed a negati\e 
reaction to the tuberculin test During the next year he roomed with an intern 
who had a draining sinus from tuberculous cervical nodes In February 1932 
the student showed a positive reaction to the tuberculin test A roentgenogram 
of the chest made on Dec 29, 1931, showed evidence of a small density at the level 
of the third rib on the left side near the periphery Subsequent films showed 
evidence of calcification in this area The shadow was unchanged in a film made 
on Oct 9, 1935 No symptoms had developed, and no treatment had been given 

Case 7 In September 1931 a 19 year old freshman in a school of nursing 
sho^\ed a negative reaction to the tuberculin test Roentgen films of the chest 
showed no evidence of disease m October 1931 The reaction to tuberculin con- 
tinued to be negative in October 1932 and October 1933 Three weeks after being 
assigned to a service for tuberculous patients in September and October 1934 the 
student showed a strongly positive reaction to the tuberculin test In September 
1934 the roentgen film was still negative, but on May 1, 1935, there was evidence 
of infiltration in the upper lobe of the left lung On July 8 there was a slight 
decrease in the extent of the shadow All films subsequent to this examination, 
the last being made on Jan 7, 1936, revealed practically no change in the shadow 
No S 3 unptoms developed, and no treatment was given 

Case 8 — In the fall of 1931 an 18 yeai old freshman in a school of nursing 
reacted negatively to the tuberculin test In June 1935, after being graduated 
from the nursing school, the patient showed a negative reaction to the tuberculin 
test Roentgen films made in February 1934 showed no evidence of disease In 
Maj’- 1935 she gave intimate care as a special duty nurse to two tuberculous 
patients On September 27 the reaction to the tuberculin test was positive In 
October there was evidence of infiltration in the upper lobe of the left lung All 
subsequent films, the last on Jan 22, 1936, showed no change m the shadow No 
symptoms developed, and no treatment was given 

Case 9 — In September 1930 a 17 year old fiist year premedical student reacted 
negatively to the tuberculin test The reaction was negative in April 1933 and 
in February 1934 The student came in contact with tuberculous patients when 
he W'as working m a service for patients with diseases of the nose and throat He 
W'as not assigned to a special service for tuberculous patients In February 1935 
the reaction to the tuberculin test was strongly positive On February 19 there 
W'as a small area of disease present in the lower portion of the upper lobe of the 
right lung On May 21 a film showed a definite increase in the extent of the 
shadow in the right lung On June 15 the shadow had decreased somewhat in 
size In October and November 1935 and in January 1936 films showed no change 
in the appearance of the shadow No symptoms developed and no treatment was 
given 

Case 10— In the fall of 1933 a 21 year old freshman in a school of nursing 
showed a negative reaction to the tuberculin test Roentgen films which had been 
taken in the fall of 1933 showed no evidence of disease During the fall the student 
had some contact with tuberculous patients About Feb 14, 1934, she experienced 
pain in the left side of the chest, and a film showed an area of infiltration at the 
level of the first and second interspaces on the left side This was thought to be 
a small area of pneumonia The tuberculin test was not repeated at this time On 
February 22 a roentgen film showed no change in the shadow On March 16 the 
film showed some decrease in the size of the shadow The student became suspi- 
cious that she had tuberculosis, and on March 14 had a tuberculin test made pri- 
vately At this time she showed a strongly positive reaction No symptoms 
developed, and no treatment was given 
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Case 11— In September 1930 a 24 year old graduate nurse, while taking a 
course in public health nursing, reacted negatively to the tuberculin test A roent- 
gen film of the chest showed no evidence of disease In July 1932 the reaction to 
the tuberculin test was positive On July 17 a roentgen film revealed definite evi- 
dence of infiltration in the first and second interspaces on the right side On 
August 17 there was a slight decrease m the size of the shadow On October 20 
the shadow was unchanged No symptoms developed^ and no treatment was given 

Case 12 — In October 1931 a 22 year old junior in a school of nursing showed 
a negative reaction to the tuberculin test The reaction remained negative 
throughout her nursing course On Jan 14, 1933, a roentgen film revealed no 
evidence of disease In February the student worked in a service for tuberculous 
patients Three months later the tuberculin test was strongly positive On April 
28, 1933, roentgen films of the chest were negative On August 30, 1935, a roent- 
gen film revealed definite evidence of infiltration in the first and second interspaces 
near the periphery on the left side In November 1935 and January 1936 roentgen 
films showed no change in the shadow Slight pain over the upper part of the 
left side of the chest was the only symptom 

Case 13 — In 1924 an 18 year old freshman in a school of nursing reacted 
negatively to the tuberculin test In January 1933 she registered for graduate 
work in nursing, and the tuberculin test was found to be definitely positive On 
February 13 there was evidence of infiltration involving the first and second inter- 
spaces on the right side In April, June and September 1933 roentgen films 
revealed no change in the shadow No symptoms developed, and no treatment 
was given On March 1936 a film showed almost complete disappearance of the 
shadow The nurse is now in excellent health 

Case 14 — In 1929 a 19 year old second year premedical student reacted nega- 
tively to the tuberculin test In November 1933 his roommate was found to have 
a far advanced stage of pulmonary tuberculosis A roentgen film of the student’s 
chest showed no evidence of disease m December 1933 On June 14, 1934, there 
was an area of infiltration in the left lung at the level of the third rib, midway 
between the periphery and the hilus There was evidence also of definite infiltra- 
tion in the hilar region The student was institutionalized for five months Roent- 
gen films made on Jan 2, 1935, showed a definite decrease m the extent of the 
shadow Further decrease was observed on Feb 18, 1935, and April 22, 1935 On 
Feb 20, 1935, phrenic exeresis was performed On June 17 the shadow was small 
A roentgen film on Jan 20, 1936, showed almost complete disappearance of the 
shadow 

Case 15— In September 1931 a 19 year old freshman m a school of nursing 
showed a negative reaction to the tuberculin test In May 1933 the tuberculin test 
was strongly positive The student was assigned to a service for tuberculous 
patients from Sept 15 to Nov 1, 1934 Roentgen films of the chest made on 
Sept 14, 1934, and March 26, 1935, showed no evidence of disease On July 31, 
1935, definite infiltration appeared in the apex and the first interspace on the left 
side The shadow remained unchanged in films made in August, September and 
October 1935 and on Feb 20, 1936 She was under treatment for four and one- 
half months No symptoms developed 

Case 16 — In 1928 an 18 year old freshman in a school of nursing reacted nega- 
tively to the tuberculin test She worked in a service for tuberculous patients in 
the spring of 1932 Through October 1933 reaction to the tuberculin test remained 
negative In July 1934 the reaction was definitely positive, and an area of infiltra- 
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tion was present in the second interspace near the periphery on the left Elevation 
of the temperature and fatigue were noted Strict rest m bed for a few weeks was 
ordered At present the nurse is able to work full time 

Case 17 ^In September 1933 a 23 year old freshman in a school of nursing 
reacted negatively to the tuberculin test A roentgen film of the chest made on 
Oct 19, 1933, showed no evidence of disease On April 22 she reacted positively 
to the tuberculin test A roentgen film of the chest on May 8 showed evidence of 
a small area of infiltration at the level of the second interspace on the right side 
Films made on June 18 and July 23 showed an increase in the size of the shadow 
The only treatment was rest in bed In March 1936 no change in the shadow 
was apparent 

Case 18 — ^In September 1934 a 25 year old freshman in a school of medicine 
reacted negatively to the tuberculin test Subsequently a fraternity brother who 
was a graduate of a medical school lived in the same house, and while there it 
was found that he had pulmonary tuberculosis in a communicable form On 
Jan 14, 1936, the student showed a positive reaction to the tuberculin test, and 
roentgenograms showed evidence of infiltration in the apex of the left lung and in 
the first interspace A roentgen film on Feb 24, 1936, showed no change in the 
size of the shadow 

Case 19 — In September 1930 a 19 year old first year premedical student reacted 
negativelj’’ to the tuberculin test In April 1933 the reaction to the test was posi- 
tive On July 24, 1933, and Feb 26, 1934, roentgenograms of the chest showed 
no evidence of disease On Feb 27, 1935, there was definite evidence of infiltration 
in the subclavicular legion on the right side Periodic films made over the next 
several months showed no change On Dec 27, 1935, there was a slight decrease 
in the size of the shadow 

Case 20 — In September 1932 a 19 year old freshman m a school of nursing 
reacted negativelj' to the tuberculin test The reaction continued to be negative 
-at periodic examinations Roentgenograms of the chest on Aug 11, 1934, showed 
no evidence of disease The student worked in a service for tuberculous patients m 
October and November 1934, immediately after which the tuberculin test was 
definitely positive On May 2, 1935, an x-ray film showed no evidence of disease 
On Sept 26, 1935, there was definite evidence of infiltration m the left lung, 
extending from the region of the hilus into the second and third interspaces 
The shadows showed no change in October and November 1935 but were slightly 
decreased in extent m February 1936 No symptoms developed and no treatment 
was given 

Case 21 —In September 1929 a 19 year old freshman in a school of medicine 
reacted negatively to the tuberculin test The reaction continued to be negative in 
February 1930, February 1931 and February 1932 Roentgenograms of the chest 
in January 1930, January 1931 and March 1932 showed no evidence of disease 
The student was assigned to a special service for tuberculous patients from Oct 3 
to 16, 1932 The reaction to the tuberculin test was still negative in February 
1933, 'but in August 1934 it was positive Roentgenograms made in June 1934, 
after slight pain had been noted .n the chest and the temperature had reached 
100 F each day for ten days, revealed an area of infiltration only in the first inter- 
space on the left side Films made on Aug 13, 1935, and compared with the films 
taken during the previous year showed a gradual decrease in the extent of the 
shadow in the left lung Films made on Dec 4, 1935, showed that there had been 
no change since August 
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In a few cases in this group it has been impossible to determine with 
certainty that the shadows represented only the first infection type of 
tuberculosis, because the tuberculin testing was not always done with 
sufficient frequency We regard any lesion that appears soon after the 
tissues are sensitized as representing the first infection type of the 
disease However, if a year or more has elapsed between the making 
of the tuberculin tests, there has been ample time between the last nega- 
tive and the first positive reaction for the first infection type of disease 
to develop and also for the reinfection type to make its appearance 
There is nothing characteristic about the shadow produced by eithei 
type with regal d to density, location and other features From the 
shadow albne it is impossible to differentiate between the first infection 
type of tubeiculosis, the reinfection type of tuberculosis, pneumonia, 
abscess and other processes in the early course of development It is 
only when the tuberculin tests have been carefully administered and the 
reactions interpreted with sufficient frequency or when the lesions have 
been observed for a sufficiently long time that it is possible to differen- 
tiate between the first infection and the reinfection type of tuberculosis 
Not all lesions of the first infection type of tuberculosis attack 
the lungs, and among those which do theie are many that do not 
become sufficiently large or produce enough reaction around them 
to cast shadows which can be visualized by the naked eye on the x-ray 
film Indeed, in the majority of young adults who become infected, 
it IS impossible by any phase of the examination actually to locate the 
lesions In this respect young adults do not differ from infants and 
children who become contaminated with tubercle bacilli, in whom it 
has been shown that under most ideal examinations it is rare to locate 
the lesion in as many as 25 per cent of those reacting positively to the 
tuberculin test at any one time Nevertheless, a definitely positive 
reaction to the tuberculin test is accurate evidence of the presence of 
tubercle formation somewhere in the body 

Obviously, since a lesion of the first infection type of tuberculosis 
is microscopic in the beginning a considerable period of time is required 
for It to grow to sufficient size to cast a shadow which can be visualized 
on an x-ray film About the time the tissues become sensitized to 
tuberculoprotem or soon after in a small percentage of cases an inflam- 
matory area appears around the lesion When this area is sufficiently 
extensive to cast a shadow that can be visualized on the x-ray film, 
it IS usually homogeneous in appearance over a period of many weeks 
or months, after which it begins to disappear Wallgren,^ Chown and 

12 Harrington, F E Childhood Type Tuberculosis A Report of Ten 
Years of Activity, 1921-1931, Lymanhurst School for Tuberculous Children, 
Minneapolis, The Board of Public Welfare, 1932 
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Medovy,"^ Reichle^" and many otheis have called attention to these 
shadows as they appeal in infancy and childhood Attention has been 
called to the appeal ance of such lesions among young adults, particu~ 
larly among students of nursing and medicine or recent graduates in 
these professions, by a numbei of woikers, notably Heimbeck,^® Rist^® 
and Geer^^ Rigler^® has made a study of the period of time which 
elapses between exposuie and the attainment by a lesion of sufficient 
size to cast a clearly visible shadow on the x-iay film 

The natuie of the inflammatory leaction around the focus has been 
discussed elsewhere^® As is the case among children, none of these 
lesions has shown evidence of cavitation The subjects who have been 
obsened foi a sufficiently long time have shown a definite reduction 
m the size of the shadows, and m some cases no evidence of disease 
lemains In other cases shadows remain which aie interpreted as 
strands of fibious tissue, and occasionally lime deposits make their 
appearance at the site of a pievious shadow 

In the majorit} of these cases theie have been no noticeable symptoms 
In the occasional case there has been slight pain in the chest or a mild 
delation of the temperatuie The geneial absence of symptoms oi 
the occasional presence of mild symptoms of short duiation is in con- 
formity with the findings m infants and children with the first infection 
type of disease-® Physical signs aie usually entirely lacking 

Those subjects whom we have observed throughout the couise of 
the disease have received no tieatment A few of the subjects who 
have come undei the observation of other physicians have undergone 
hospitalization and mteiruption of the phicnic neive However, the 
ultimate results aie apparently the same either with or without treat- 
ment This does not differ fiom what has been found to be tiue for 
infants and children with the fiist infection type of tubeiculosis, even 

13 Chown, Bruce, and Medovj, Harry Pulmonary Tuberculosis in Childhood, 
Canad M A J 29-364, 1933 

14 Reichle, H S Resolving Exudates in Pulmonary Tuberculosis of Child- 
hood, Am J Dis Child 45-307 (Feb), 46 969 (Nov) 1933 

15 Hcimbcck, J Ucbcr Infcktion und Vakzination bei Tuberkiilose, Med 
Klin 29 1731, 1933 

16 Rist, E Opening of a Sanatorium for Students, M Rec 142 522, 1935 

17 Geer, Everett K Primary Tuberculosis Among Nurses Am Rev Tuberc 
29.88, 1934 

18 Rigler, Leo G, and Exner, Frederick B The Latent Period in the 
Roentgen Diagnosis of Pulmonary Tuberculosis, JAMA 102 1750 (May 26) 
1934 

19 Myers, J A The First-Infection Type of Tuberculosis Its Preallerg.c 
and Postallergic Stages of Development, Am Rev Tubeic 34 317, 1936 

20 Myers, J A , Harrington, F E , Stewart, C A , and Wulff, Marjorie 
First-Infection-Type Tuberculosis Its Treatment and Prognosis, Am Rev 
Tuberc 32 631, 1935 
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when the lesions are extensive Thus, in our experience the subject 
who has avoided infection through infancy and childhood and becomes 
infected in adult life shows the first infection type of lesions, and these 
take the same benign course as similar lesions which develop in infants 
and children The first infection type of tuberculosis begins to develop 
in tissues that are not sensitized to tuberculoprotein The defense 
mechanism, consisting of leukocytes, connective tissue cells and othei 
factors, usually causes the tubercle bacilli to be well surrounded and 
under at least temporary control before sensitization occurs This 
reaction is far less intense than when reinfection begins development 
on sensitized tissues, as shown experimentally by Lemon 

GROUP 3 

In the subjects in group 3 the reaction to tuberculin changed from 
negative to positive The primary parenchymal lesions were demon- 
strable roentgenographically in some cases and nondemon str able m others 
Pleural effusion also developed 

Case 1 — In February 1930 a 22 year old freshman in a school of medicine 
reacted negatively to the tuberculin test The reaction continued to be negative 
through October 1932 After the student had worked in a service for tuberculous 
patients the reaction to tuberculin became positive On Feb 20, 1933, pleural 
effusion was present on the right side, although the roentgenogram made on Feb 
10 had shown a normal picture In June 1933 the effusion had completely absorbed, 
and there appeared only evidence of thickening of the pleura In August 1933, 
m addition to evidence of diaphragmatic pleurisy, there was a small area of involve- 
ment in the parenchyma of the upper lobe of the right lung In October 1933 this 
shadow had not changed The lesion persisted through the remainder of 1933 and 
1934 but could not be visualized in June 1935 This woman is now working full 
time as a resident physician in a hospital 

Case 2 — ^In January 1929 a 24 year old sophomore medical student reacted 
negatively to the tuberculin test The reaction continued to he negative through 
Jan 5, 1931, when a roentgenogram showed no evidence of disease He was 
assigned to a special service for tuberculous patients from Dec 6, 1930, to Jan 5, 
1931, and again from March 8 to 18, 1931 The reaction to the tuberculin test was 
markedly positive on March 14, 1931 The roentgenogram made at that time 
showed no evidence of disease On April 20 the roentgenogram revealed an area 
of parenchymal infiltration near the periphery in the second interspace on the. light 
side On June 9 a large effusion Avas present in the right pleural cavity On 
October 26 the effusion had nearly disappeared, but the parenchymal lesion 
appeared unchanged Numerous subsequent films revealed obliteration of the right 
costophremc angle On April 17, 1933, and Feb 12, 1936, the parenchymal shadow 
was observed to be sharply outlined and considerably reduced in size This man 
IS now working full time as a physician in government service 

21 Myers, J A Treatment, Prognosis and Prevention of First Infection 
Type of Tuberculosis, Journal-Lancet 56 24, 1936 

22 Lemon, W S , and Montgomery, L G Pleural and Pulmonarv Lesions 
Resulting from Intrapleural Injection into Rabbits of Mycobacterium Tuberculosis, 
J Thoracic Surg 3 612, 1934 
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Case 3 In November 1926 a 20 year old sophomore medical student reacted 
negatively to the tuberculin test The reaction was negative throughout her entire 
medical course In Maj"^ 1929 the reaction became strongly positive after she had 
norked m a service for tuberculous patients as an intern A roentgenogram of 
the chest showed a small area of infiltration m the pulmonary parenchyma near 
the penpher}', at the level of the second interspace on the right In May 1930 a 
large pleural effusion was present on the right side and persisted for several 
months After that numerous roentgenograms of the chest showed obliteration of 
the costophremc angle on the right On Feb 24, 1936, a film showed evidence of 
probable beginning calcification in the region of the parenchymal shadow Ihis 
woman is now married and is practicing medicine Apparently she is in excellent 
health 

C\SE 4 — In October 1928 a 23 year old junior medical student reacted nega- 
tnelj to the tuberculin test In July 1929 the reaction was positive, a pleural 
effusion was present on the right side and a small parenchymal infiltration was 
present in the apex of the right lung The student W’as hospitalized from July 17 
to No\ 14, 1929 Subsequent roentgenograms, taken through 1935, have shown 
e\idence of thickening of the pleura over the base of the right lung, and the aiea 
of disease m the apex has become small This man is now practicing medicine 
and apparentlj is in good health 

Case 5 — In February 1930 a 21 year old freshman in a medical school reacted 
negatucK to the tuberculin test In February 1931 he showed a positive reaction to 
the tuberculin test A roentgenogram of the chest made on Jan 20, 1930, and another 
made on Jan 30, 1931, show’cd no evidence of disease A film made on May 5, 1931, 
showed pleurisy with effusion on the right side There was a small area of infil- 
tration at the level of the third interspace near the periphery on the right side 
After the patient had spent three months at rest m bed the effusion had disap- 
peared The only remaining evidence of pleurisy through many subsequent exami- 
nations was thickening of the pleura over the base of the right lung The lesion 
in the pulmonary parenchyma showed no change through the remainder of 1931, 
1932 and 1933, including April This man is now practicing medicine and is 
apparentlj well 

Case 6 — In September 1930 a 19 year old freshman in a school of nursing 
showed a negative reaction to the tuberculin test A roentgenogram of the chest 
on Sept 6, 1932, showed nothing abnormal From Sept 15 to Nov 1, 1932, 
she worked in a service for tuberculous patients On May 15, 1933, the reaction to 
the tuberculin test was positive, and on May 19 she had pleurisy with effusion on 
the right side Practically all the fluid had absorbed by September IS On July 
6, 1933, as the fluid was absorbing, a small area of infiltration appeared in the 
right lung at the level of the second and third interspaces This shadow appeared 
practically unchanged on films taken on September 15 and November 22 However, 
on Non ember 22 a small area of infiltration was present in the first interspace on 
the left side On Jan 25, 1934, the shadow in the right lung had slightly increased 
m size On July 13 the shadow in the left lung was not visible, while that in the 
right lung had become smaller On November 7 both shadows Nvere visible On 
Jan 7, 1935, the shadow in the right lung was sharply outlined, and that in the left 
lung was barely visible On July 1 the shadow in the right lung had increased 
somewhat m extent, while that in the left lung Nvas not visible 

Case 7— In January 1932 an 18 year old freshman in a college of science, 
literature and arts reacted negatively to the tuberculin test During part of the 
time he was in college he w-as associated with a friend who had tubercle bacilli in 
the sputum In June 1935 the student had pleurisy with effusion on the left side 
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and a definite area of infiltration in the upper lobe of the left lung At this lime 
the reaction to the tuberculin test was positive Since then the student has been 
hospitalized 

Case 8 — In March 1933 a 27 year old sophomore in a school of medicine 
showed a negative reaction to the tuberculin test The reaction was negative also 
in 1934 and m January 1935 On April 6^ 1934, roentgenograms of the chest were 
entirely clear The student was assigned to a service for tuberculous patients 
from Jan to Feb 10, 1935 In April 1935 he complained of pain in the chest 
On May 1 the reaction to the tuberculin test was positive, and pleural effusion was 
present The effusion had entirely disappeared by Aug 20, 1935 On December 11 
there remained only evidence of slight thickening of the pleura on the left side 
No treatment was given He is now working full time as an intern and apparently 
is in excellent health 

Case 9 — In 1930 a 24 year old second year premedical student showed a nega- 
tive reaction to the tuberculin test In 1931 and 1932 the reaction was still 
negative Roentgenograms of the chest in February 1931 and 1932 showed no 
abnormality On Feb 21, 1933, the reaction to the tuberculin test was positive, 
but roentgenograms of the chest again showed nothing abnormal The student 
was assigned to a service for tuberculous patients for three weeks in October 1934 
Roentgenograms in March 1935 showed a normal chest, but films made in July 1935 
showed evidence of pleurisy with effusion on the left side The student was kept 
strictly at rest in bed until Oct 1, 1935 On November 15 a roentgenogram 
revealed only evidence of previous pleurisy, with no effusion No symptoms of a 
pathologic condition of the parenchyma could be visualized This man is now 
practicing medicine and apparently is in good health 

Case 10 — In May 1930 a 20 year old second year premedical student reacted 
negatively to the tuberculin test The reaction was again negative in February 
1931, February 1932 and February 1933 Roentgenograms of the chest in January 
1931 and February 1932 revealed no evidence of disease The student was assigned 
to a service for tuberculous patients for three weeks, beginning June 18, 1933 At 
that time the reaction to the tuberculin test was positive Roentgenograms of the 
chest m February 1934 and December 1934 showed no evidence of disease On 
Dec 8, 1934, roentgenograms showed definite evidence of pleural effusion on the 
right side The effusion persisted over several months, after which it absorbed, 
so that on Dec 18, 1935, there was no evidence of adhesions or other remnants of 
the pleurisy The chest appeared essentially normal This man is now working 
full time as a resident physician 

Case 11 — In September 1929 a 19 year old freshman in a school of nursing 
reacted negatively to the tuberculin test During part of August and September 
she was exposed to a patient who had tuberculosis in a communicable form In 
October the reaction to the tuberculin test became strongly positive, but a roent- 
genogram showed no evidence of disease On Nov 25, 1930, pleural effusion was 
present on the right side After several months the fluid absorbed, and numerous 
roentgenograms made subsequently, the last in September 1935, showed evidence of 
thickening of the pleura over the base of the right lung with obliteration of the 
costophrenic angle This woman is now working full time as a nurse and appar- 
ently IS in good health 

Case 12 — ^In September 1930 a 20 year old junior in a school of nursing 
showed a negative reaction to the tuberculin test In October 1931 the reaction 
was still negative In June 1932, after being exposed to tuberculosis, the student 
showed a positive reaction to the tuberculin test Roentgenograms made on June 
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3 and Aug 18, 1932, and March 8, April 27, Aug 1 and Dec 1, 1933, showed no 
evidence of^disease On Jan 15, 1934, pleural effusion was present on the left side 
By March /, 1934, the effusion had disappeared, and there was evidence of thicken- 
ing of the pleura with adhesions over the base of the left lung On July 30, 1934, 
there was no change This woman was last seen on Aug 3, 1934, when she 
accepted a position in another state, and she was apparent!}'' in good health 

Case 13 — In September 1932 a 22 year old student in a school of nursing 
reacted negatively to the tuberculin test Roentgenograms of the chest made on 
Sept 22, 1932, showed no evidence of disease From October 1 to November 15 
she was assigned to a service for tuberculous patients On Jan 31, 1933, the 
reaction to the tuberculin test was positive and pleural effusion was present on 
the left side The effusion persisted through February but was definitely dimin- 
ished, as shovn by a roentgenogram made on March 14 By Tan 26, 1934, the 
fluid had completely disappeared, and there was no evidence of its previous 
existence b} vaj of thickening of the pleura or obliteration of the costophrenic 
angle 

Case 14 — In September 1931 a 19 year old freshman m a school of nursing 
showed a negatu e reaction to the tuberculin test The reaction was again 
negatue in October 1932 Roentgenograms of the chest in October 1932 showed 
no evidence of disease In February 1933 reaction to the tuberculin test was posi~ 
tne, but roentgenograms of the chest showed no evidence of disease Because of 
pain o\er the upper part of the left side of the chest, roentgenograms were made 
on Feb 17, 1933, and these showed slight evidence of infiltration m the upper lobe 
on the left side On March 6 pleural effusion was easily demonstrated on the left 
side On April 4 the fluid had practically disappeared, but there was obliteration 
of the left costophrenic angle Numerous roentgenograms since then, the last on 
June 6, 1935, ha\e shown the development of a Ghon tubercle in the region of the 
previous infiltration on tlie left side, but a small area of infiltration has appeared in 
the extreme apex of the left lung There have been no symptoms at any time after 
the pleural effusion disappeared This woman is now working full time as a nurse 
and apparently is m good health 

C^SE 15 — In 1925 an 18 year old freshman in a school of nursing reacted 
negative!}' to the tuberculin test She was graduated from the school of nursing 
in 1928 From 1928 to 1932 she worked in a service for tuberculous patients In 
June 1932 pleurisy with effusion de\ eloped on the right side, and the reaction to the 
tuberculin test was found to be positive After four months the patient entered a 
sanatorium, w'here she was treated for eighteen months In February 1936 a roent- 
genogram of the chest showed no evidence of disease in either lung 

Case 16 — In September 1930 a 21 year old sophomore in a school of nursing 
reacted negatively to the tuberculin test The reaction was still negative just 
before she entered a service for tuberculous patients from July 15 to Aug 17, 1933 
The test was not administered again until April 1934, when she was registered for 
a course on public health nursing , the reaction was then definitely positive X-ray 
films of the chest on July 13 and Sept 14, 1933, had showed no evidence of disease 
On April 21, 1934, there was definite roentgen evidence of pleurisy at the base of 
the left lung, but no fluid could be demonstrated By Jan 18, 1935, all evidence 
of pleurisy had disappeared 

Case 17 — In September 1931 a 21 year old freshman in a school of nursing reacted 
negatively to the tuberculin test The reaction was still negative on Sept 23, 1932 
Roentgenograms of the chest in September 1932 showed no evidence of pulmonary 
disease In January 1935, as a student in public health nursing, she showed a positive 
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reaction to the tuberculin test On Jan 28, 1935, roentgenograms of the chest 
revealed no evidence of disease On April 10 a roentgenogram showed evidence of 
a small effusion m the right pleural cavity The amount of fluid increased until a 
large effusion was firesent on April 16 On May 2 there was a considerable 
decrease in the amount of fluid Further decrease was observed on May 10 In 
March 1936 there was no evidence of pleurisy 

Case 18 — In March 1935 a 20 year old freshman in a school of agriculture 
reacted negatively to the tuberculin test In 1934, when he was a high school 
student, the reaction to the test was negative On March 5, 1936, evidence of pleural 
effusion on the right side was noted At this time the reaction to the tuberculin 
test was definitely positive, but the source of exposure was unknown 

We regard pleurisy with effusion as a reinfection foini of tuber- 
culosis which develops from the focus of the first infection The 
tissues are highly sensitized to tuberculoprotem through the development 
of the primal y lesion, and bacilli are easily transmitted to the lymph 
channels of the visceral pleura from the lesions which often he near 
the periphery of the lung The appearance of fluid in the pleural 
cavity IS usually preceded by pain, and friction sounds may be elicited 
for a few days When effusion begins to make its appearance and 
ordinary anteroposteiioi i oentgenograms will not demonstrate it with 
certainty, Rigler’s posture method is of great aid When the efi:usion 
becomes larger, it is usually possible to recover tubercle bacilli from 
smears of centrifugated fluid or by culture and inoculation methods 
There is usually a rise in temperature, and it often increases until it 
reaches 102 or 103 F The fever may be present for only a few days, 
or it may persist for several weeks In the occasional case fever is 
slight or absent, and no pain is experienced 

In the earlier years of our work, we aspirated nearly all the laiger 
effusions and in some cases introduced air into the pleural cavity More 
recently, however, aspiration has been practiced only when the effusion 
was so large as to displace the mediastinum, when pressure symptoms 
were present oi when fever had ’persisted for an unduly long time 
We have discontinued the use of air in the pleural cavity unless a rein- 
fection type of lesion can be demonstrated in the lung A period 
of rest in bed is usually indicated while symptoms are present, although 
some of oui patients who for various reasons did not have such 
periods of rest in bed controlled the disease without complications 
In none of this group of patients have we seen any complication, such 
as empyema 

After the effusion absorbs there may remain definite evidence of 
thickening of the pleura, diaphragmatic adhesions and partial or com- 
plete obliteration of the costophrenic angle Again no abnormal finding 

23 Rigler, Leo G Roentgen Diagnosis of Small Pleural Effusions, J A 
M A 96 104 (Jan 10) 1931 
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leniams, the excursion of the diaphragm is normal, and from no 
phase of the examination, including loentgenograms, is one able to detect 
aii}'^ e\ idence of the previously existing pleurisy 

e have seen pleurisy with effusion follow rather closely the 
de\elopment of the first infection type of tuberculosis in infants and 
children, but it appears to occur moie frequently in young adults who 
ha\e recently been infected It is possible that this is only apparent, 
because the infant or child may not be able to call attention to the 
pain and other symptoms, or the fever is thought to be due to ordinary 
respiratoiy infection and hence an adequate examination is not made 
while the effusion is present In a group of 4,148 children who showed 
a negative reaction to the tuberculin test, 89 showed some evidence of 
pleural change Although 30 of these children had visible interlobar 
pleural shadow's, betw'een either the upper or the lower and the middle 
lobe of the right lung, w'e no longer regard this as a significant finding 
in all cases In 40 there was definite evidence of diaphragmatic adhe- 
sions and pleurisy over the base of one or both lungs In 17 there 
w as e\ idence of thickening of the pleura over an entire lung, suggestive 
of an earlier existence of pleural effusion In 3 there was evidence of 
interlobar or encapsulated effusion In another group of 1,782 children 
with a slightly positive reaction to tubeicuhn, 25 showed evidence of 
pleural changes, 4 of whom had only visible interlobar pleural shadow's 
In another group of 2,615 children with a markedly positive reaction to 
tuberculin, 145 showed evidence of changes m the pleura, 55 of whom 
had only visible interlobar pleural shadow's The remaining 90 had 
definite pleural changes, such as diaphragmatic adhesions and thickening 
of the pleuia ovei an entire lung, and 10 had pleurisy w'lth effusion at 
the time of examination 

Among the young adults leported on in this paper, more careful 
observations w'ere made by the students themselves, as well as those 
in charge of the examinations, than for the group of children Hence, 
slight symptoms, such as pain in the chest were usually reported early 
One must not oveilook the possibility that by the time adult life is 
leached foreign material may have so accumulated or resulted m such 
changes m the l)'mphatic vessels as to decrease their efficiency, thus 
retarding the flow of lymph and giving tubercle bacilli which reach 
the lymph channels in the visceial pleura a longer opportunity to gam a 
foothold 

GROUP 4 

In the subjects in group 4 the reaction to tuberculin changed from 
negative to positive, and clinical pulmonary tuberculosis later made its 
appearance, with or without a demonstrable primary focus or pleurisy 
with effusion 
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Case 1 — ^In September 1932 an 18 year old freshman in a school of nursing 
reacted negatively to the tuberculin test and continued to do so through March 
and September 1933 A roentgenogram of the chest in July 1933 showed no eii- 
dence of disease The reaction to the tuberculin test was positive in March 1934 
On April 16 a roentgenogram showed evidence of slight infiltration in the base 
of the right lung On May 1 this area had definitely increased in size After a 
slight pulmonary hemorrhage and the finding of tubercle bacilli in the sputum 
in May 1934 artificial pneumothorax treatment was instituted, with the patient 
ambulatory This student was graduated in February 1936 and is apparently in 
good health 

Case 2 — In January 1931 a 17 year old first year premedical student reacted 
negatively to the tuberculin test In May 1933 he had a pulmonary hemorrhage 
There had been no known exposure to tuberculosis In June 1933 he reacted posi- 
tively to 1 mg of tuberculin On May 24 there was infiltration extending from 
the shadow of the clavicle to the level of the fourth rib On May 26 the sputum 
contained tubercle bacilli On June 1 artificial pneumothorax was instituted, with 
the student ambulatory He has continued in medical school and apparently is in 
good health 

Case 3 — In March 1932 a 20 year old freshman medical student reacted nega- 
tively to the tuberculin test and continued to do so through February 1934 Roent- 
genograms of the chest in March 1932 showed no evidence of disease In November 
1934 the reaction to the tuberculin test was strongly positive Roentgenograms 
of the chest in February 1934 and March 1935 showed no evidence of disease In 
July 1935, while working as an intern, he had a pulmonary hemorrhage A roent- 
genogram on July 17 showed evidence of a large infiltration in the medial portion 
of the upper lobe of the right lung, with evidence of cavitation Strict rest in 
bed was immediately instituted, and artificial pneumothorax was begun on the 
right side on July 28 The patient is still in bed but apparently is making an 
excellent recovery 

Case 4 — In February 1928 a 28 year old junior in a school of dentistry 
reacted negatively to the tuberculin test In April 1931 pleurisy with eftusion 
developed on the left side He was kept at rest in bed for several months On 
Jan 25, 1932, evidence of pleurisy with effusion was found on the right side A 
small amount of fluid was still present on June 9, and there had also appeared a 
small area of infiltration m the first interspace on the left side Numerous roent- 
genograms made since that time have shown no change in the parenchymal shadow, 
and there remains evidence of thickening of the pleura over the bases of both sides 
At the present time this man is practicing dent’stry and is apparently m good 
health 

Case 5 — In September 1930 an 18 year old freshman in a school of nursing 
reacted negatively to the tuberculin test and continued to do so through June 1931 
In May 1932 the reaction to the tuberculin test was positive She worked in a 
service for tuberculous patients from Dec 31, 1932, to Feb 15, 1933 On April 
20, 1932, a roentgenogram showed no evidence of disease On December 29 roent- 
genograms revealed a small area of infiltration in the second interspace near the 
periphery on the left side On May 8, 1933, the area of infiltration had extended 
into the third interspace on the left side, and there was some indication of begin- 
ning cavity formation Artificial pneumothorax was then instituted on the left side, 
and the patient was treated in a sanatorium until Aug 21, 1935 She continues 
to receive artificial pneumothorax treatment and is apparently in good health 
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Case 6 In September 1932 a 22 j'ear old freshman in a school of nursing 
shoi\ed a negative reaction to the tuberculin test Roentgenograms of the chest 
made on October 28 showed no evidence of disease On May 15, 1933, the reaction 
to the tuberculin test was positive Roentgenograms of the chest made on July 29, 
19o3, Feb 28, 1934, and July 14, 1934, showed no evidence of disease On Nov 
14, 1934, an area of infiltration was present at the level of the first interspace on 
the left The student worked in a service for tuberculous patients from Nov IS, 
1934, to Jan 2, 1935 On Jan 2, 1935, roentgenograms revealed no change in this 
shadoi\ At this time there was a questionable area of infiltration in the right 
lung at the level of the third interspace On Januarj^ 7 the shadow in the left lung 
remained unchanged, as well as the questionable area in the right lung On March 
4 no change was eMdent On April 5 the shadow m the left lung showed slight 
CMdence of an increase in size, w’hile that in the right lung had extended from the 
third to the fourth interspace The patient w'as then hospitalized In August 
there was a considerable increase m the extent of the shadow, and artificial pneumo- 
thorax was instituted In December empyema developed and is still being treated 
bj the aspiration method 

Case 7 — In 1928 an IS 3 ear old freshman in a school of nursing reacted 
negatnel}' to the tuberculin test and continued to do so through her entire nursing 
course After graduation in 1931 she did private duty nursing In June 1935 she 
accepted a position in a hospital where there w^as considerable contact with tuber- 
culous patients In October 1935 roentgenograms revealed evidence of infiltration 
in the first and second interspaces on the right side and from the apex of the left 
lung to the fourth rib On No\ ember 12 the reaction to the tuberculin test was 
definitely positive This w’as the only test that had been administered since her 
graduation in 1931 No S 3 mptoms de\ eloped but strict rest m bed was instituted 
On Feb 7, 1936, there w'as evidence of a slight decrease in the extent of the 
shadow' 

Case S — In September 1932 an IS year old freshman m a school of pharmacy 
reacted negatively to tlie tuberculin test No roentgenograms were made 
In Noa ember 1935 he complained of pain m the right side of the chest A roent- 
genogram made on No\ ember 21 re\ealed evidence of extensive disease with cavity 
formation in the upper lobe of the right lung Artificial pneumothorax was 
instituted with the patient ambulatory 

Case 9 — In January 1928 a 20 3 'ear old freshman m a school of medicine 
reacted negatively to tiie tuberculin test In February 1930 the test was still 
negatne He w'orked in a service for tuberculous patients from April 9 to 20, 1931 
A lesion w'lth cavity formation developed at the base of the right lung while 
he was serving his internship This lesion was controlled by artificial pneumo- 
thorax 

C-^SE 10— In October 1931 a 20 3 'ear old junior in a school of nursing showed 
a negative reaction to the tuberculin test In October 1930 roentgenograms of the 
chest revealed no evidence of disease In August and September 1933 the student 
worked in a service for tuberculous patients, and soon afterward the reaction to 
the tuberculin test became positive A roentgenogram of the chest m October 

1933 showed no evidence of disease The student was graduated from the school 
of nursing m June 1933 and then married A normal infant was born in September 

1934 The woman undertook private duty nursing in May 1935 and worked continu- 
ously until January 1936, apparently being m excellent health Early in January 1936 
she observed two nodules on the call of the left leg She consulted a dermatologist, 
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who suspected the presence of tuberculosis Roentgenograms revealed infiltration 
m the upper lobe of the left lung at the level of the first interspace and a similar 
area of disease in the upper lobe of the right lung No symptoms referable to the 
lung developed, but strict rest in bed was instituted 

Case 11 — In 1930 a 19 year old freshman in a school of nursing showed a nega- 
tive reaction to the tuberculin test Soon after working m a service for tuber- 
culous patients in June, July and August 1933 she showed a strongly positive 
reaction Roentgenograms of the chest at that time showed no evidence of dis- 
ease However, in November and December 1933 the patient suffered considerably 
from pains in the chest A roentgenogram made on Nov 12, 1935, revealed evi- 
dence of infiltration in the left lung, extending from the apex to the fourth rib , 
in the right lung there was infiltration in the second interspace near the peripher\ 
Adhesions prevented the administration of artificial pneumothorax Strict rest 
in bed was instituted 

Case 12 — In 1928 a 19 year old freshman in a school of nursing showed a 
negative reaction to the tuberculin test Subsequent tests showed a negative reac- 
tion until she had spent six weeks in a service for tuberculous patients, begmnmg 
in September 1930 The reaction to the test was then definitely positive, but a 
roentgenogram showed no evidence of disease On Oct 29, 1933, while at work, 
she had a frank pulmonary hemorrhage Examination revealed definite evidence of 
disease, with probable cavity formation in the upper lobe of the right lung Artificial 
pneumothorax was instituted with the patient ambulatory She is now apparently 
in good health 

Case 13 — In April 1928 a 21 year old second year student in a school of 
nursing was given a tuberculin test Although the record of this test was lost, 
the nurse stated that the reaction was negative Roentgenograms of the chest in 
April 1928 showed no evidence of tuberculosis After working in a service for 
tuberculous patients she showed a definitely positive reaction to the tuberculin 
test in October 1929 On Jan 23, 1934, a roentgenogram revealed definite e\i- 
dence of infiltration extending from the apex to the third rib on the left side 
Artificial pneumothorax was instituted with the patient ambulatory, but adhesions 
prevented the complete collapse of the area of disease This woman is now 
apparently in good health 

Case 14 — In September 1929 a 20 year old junior in a school of nursing 
showed a negative reaction to the tuberculin test On October 7 a roentgenogram 
of the chest showed no evidence of disease On July 24, 1931, there was evidence 
of thickening of the pleura on the left side, but no fluid could be demonstrated 
On August 8 a slight area of infiltration was visualized in the second interspace on 
the left side, but the reaction to the tuberculin test was reported as negative On 
November 5 another area of infiltration was visualized in the fourth interspace 
On December 23 the shadows had increased somewhat in extent Strict rest in 
bed was instituted, and the shadows showed no change by June 28, 1932 Pest 
in bed was continued, but on April 3, 1933, a definite increase in the size of the 
shadow was observed In May artificial pneumothorax was attempted without 
success Through July and September 1933 there was no change in the shadow 
On Jan 22, 1934, there was a slight decrease in the extent of the shadows m 
the left lung, but a small area of infiltration was visualized at the level of the 
third interspace on the right At this time, the reaction to tuberculin was strongly 
positive In October 1935 and on Jan 7, 1936, there was no evidence of change 
in the shadows 
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Case 15 In January 1933 an 18 year old freshman in a school of nursing 
reacted negativelj to the tuberculin test Six months later she still showed a 
negatne reaction In March 1934 she reacted positively A roentgenogram made 
on May 24 showed no evidence of disease Another, made on Dec 18, 1935, 
re%ealed evidence of considerable infiltration scattered throughout the upper lobe 
of the right lung and diffusely throughout the left lung Tubercle bacilli were 
present in the sputum Strict rest in bed was instituted 

Case 16 In September 1931 a 19 year old freshman in a school of nursing 
reacted negatively to the tuberculin test and continued to do so through October 
1932 Roentgenograms of the chest in December 1932 showed no evidence of 
disease In March 1933 the reaction to the tuberculin test was positive Roent- 
genograms of the chest showed no evidence of disease in April 1934 On Feb 7, 
1935, there w'as a definite area of infiltration occupying the apex and the first inter- 
space on the left side Artificial pneumothorax was instituted, with the patient 
anibulatorj, and there has been no further development 

Case 17 — In October 1929 a 20 year old freshman in a school of nursing 
showed a negatne reaction to the tuberculin test Roentgenograms also were 
negative After caring for a tuberculous patient, she showed a positive reaction to 
the test in September 1930 In July 1931 there w'as a definite area of infiltration 
in the first and second interspaces on the right and a smaller area m the first 
and second interspaces on the left After she had rested in bed for a year roent- 
genograms show'ed ei idence of a marked decrease in the extent of the shadows 
She then returned to school and was later assigned to the care of a patient who 
was being treated for fracture and who had unsuspected communicable pulmonarv 
tuberculosis In March 1933 the shadow in the left lung had definitely increased 
in size In April there was evidence of a small cavity m the lesion in the left 
lung Artificial pneumothorax w’as attempted, but adhesions prevented complete 
collapse of the lung How'ever, there was sufficient collapse to justify continuation 
of the treatment B> Afay 1934 obliterative adhesions had markedly reduced tne 
pleural space, but the shadows in the left lung were definitely decreased in size, 
and those m the right lung w^ere barely visible In January 1935 there was no 
change in the shadow's In November 1935 an acute illness occurred which in the 
beginning the familj physician diagnosed as influenza However, he later found 
that the low'cr half of the left lung w'as involved by tuberculous pneumonia, and 
there was a definite increase in the extent of the shadows previously visualized 
On the right side the small shadow remained unchanged 

Case 18 — In December 1927 a 20 year old freshman in a school of medicine 
reacted negatively to the tuberculin test and continued to do so through December 
1930 From Nov 20 to Dec 1, 1930, he worked in a special service for tuber- 
culous patients Roentgenograms of the chest in November 1930 showed no evi- 
dence of disease The next test, administered in April 1931, showed a definitely 
IKisitive reaction During this month the supraclavicular lymph nodes on the left 
side became enlarged, and biopsy revealed tuberculosis In April 1931 a roent- 
genogram revealed evidence of infiltration m the apex of the left lung In May 
and June this shadow remained unchanged, and an area of infiltration appeared in 
the apex of the right lung By October 3 the shadow in the left lung had increased 
m extent In August tuberculous epididymitis developed In February 1932 he 
had tuberculous peritonitis and was hospitalized from April 1932 to June 1933 
He IS now employed m a hospital and apparently is in good health 

Case 19 ^In November 1927 a 23 year old sophomore in a school of medicine 

reacted negatively to the tuberculin test and continued to do so until the spring 
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of 1929, before he began working in a service for tuberculous patients No further 
tests were administered until July 1933, when a definitely positive reaction was 
present At this time a roentgenogram revealed no evidence of disease Numerous 
films made subsequently showed no definitely abnormal shadows until May 21, 
1934, when there was an area of infiltration present in the upper lobe of the right 
lung No change was then observed until June 1, 1935, when an improvement was 
noted in the area of infiltration in the upper lobe of the right lung, but a small area 
of infiltration had appeared in the upper lobe of the left lung On November 13 
there was evidence of infiltration throughout the entire upper lobe on the left side, 
and the infiltration in the upper lobe of the right lung had increased On Jan 6, 1936, 
no change could be observed in the shadows On February 22 there was an increase 
in the extent of the shadows in the left lung, and tubercle bacilli were present in 
the sputum Artificial pneumothorax was instituted on February 29 

Case 20 — In November 1927 a 21 year old sophomore medical student reacted 
negatively to the tuberculin test In January 1930 the reaction was positive From 
Dec 6, 1930, to Jan 5, 1931, and again from March 8 to 18, 1931, he worked in 
a special service for tuberculous patients Roentgenograms of the chest on Dec 
30, 1930, showed no evidence of disease After graduation he worked on a full time 
basis and apparently was in excellent health until December 1935, when roent- 
genograms revealed definite evidence of infiltration extending from the apex to 
the third rib on the right side He is now at strict rest in bed 

Case 21 — In October 1929 a 22 year old freshman in a school of medicine 
reacted negatively to the tuberculin test Roentgenograms in January 1930 and 
January 1931 showed no evidence of disease He worked in a service for tuber- 
culous patients from Dec 11 to 23, 1932 The reaction to the tuberculin test was 
positive m February 1933 On February 20 a small area of infiltration appeared 
in the fourth interspace on the right side In May the area of infiltration had 
increased somewhat in size, and there was evidence of enlargement of the peri- 
tracheal lymph nodes on the right side In October 1933 a moderately large pleural 
effusion was present on the right side The fluid had disappeared by December 
19, and there remained evidence of thickening of the pleura and obliteration of the 
costophremc angle On Nov 19, 1934, the shadow m the fourth interspace on 

the right side was unchanged, but a definite area of infiltration had appeared in 

the apex of the right lung In January 1935 he had a pulmonary hemorrhage 
Since then he has been in a sanatorium and has undergone interruption of the phrenic 
nerve on the right side 

Case 22 — In December 1929 a 24 year old junior in a school of medicine 
showed a negative reaction to the tuberculin test He then left school to work 
The next test was administered in January 1932 and showed a definitely positive 

reaction Roentgenograms of the chest on March 2 and 10 showed evidence of 

a Ghon tubercle and calcified mediastinal lymph nodes on the right side There 
was evidence also of an infiltration in the first interspace on the right side 
Because of symptoms of abdominal involvement exploratory laparotomy was per- 
formed on March 15, 1932, and revealed extensive tuberculosis of the peritoneal 
cavity Large caseous nodules were present and extended over the large bo\/el 
The upper portion of the abdominal cavity seemed to show the greatest involve- 
ment, but there was no portion which was free from the process Death occurred 
on May 19, 1932 

Case 23 — ^In February 1930 a 23 year old junior in a school of medicine 
showed a negative reaction to the tuberculin test Roentgenograms made in 1926 
showed no evidence of disease In February 1931 the reaction to the tubeiculin 
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test \\as positne after he had been working in a service for tuberculous patients 
from Januarj’’ 5 to 16 Roentgenograms of the chest at this time were negative 
In June 19o2 there was a large pleural effusion on the right side When the 
effusion absorbed, there was evidence of a small infiltration in the third interspace 
on the right side near the periphery No further symptoms developed until Novem- 
ber 1933, when a profuse pulmonary hemorrhage occurred, followed by massive 
atelectasis of the left lung When the atelectasis disappeared, there was evidence 
of a large area of tuberculous pneumonia, which was treated by artificial pneumo- 
thorax Later, empj'’ema developed, and after this had become sufficiently chronic, 
thoracoplash was recommended On Jan 17, 1936, fatal pulmonary hemorrhage 
occurred before thoracoplasty had been attempted 

Case 24 — In October, 1932, a 20 year old freshman in a school of nursing 
showed a negative reaction to the tuberculin test In March 1933 the reaction to 
the test A\as positive On July 24, 1933, a small area of infiltration was visualized 
in the first and second interspace on the right side In February 1934 the shadow 
prcMOuslj obser\ed was not visualized On March 13, immediately after the devel- 
opment of symptoms similar to those of pneumonia, a roentgenogram showed a 
homogeneous dense shadow involving the greater part of the upper lobe on the 
right side On April 9 and 14 there was evidence that the disease had spread 
to the base of the left lung Artificial pneumothorax was instituted about May 1, 
after which all S 3 mptoms disappeared On June 15 the left lung was under a good 
state of collapse, and the right lung appeared clear This patient then returned 
to her home and continued treatment with her family physician Empyema later 
developed, and she died on May 25, 1935 

Case 25 — In May 1933 a 28 year old clerk in the office of a board of education 
reacted negatnely to the tuberculin test The summer of 1933 was spent in a 
home with a patient ivho had tuberculosis in a communicable form On Jan 10, 
1934, the clerk had a small pulmonary hemorrhage A careful examination revealed 
small areas of infiltration in the apex and first interspace on the right side and in 
the apex of the left lung The reaction to the tuberculin test was positive The 
patient ivas immediatel)’" hospitalized 

It IS possible that an occasional patient in this gioup had only the 
first infection type of lesion, because the tuberculin tests weie not 
administeied with sufficient fiequency to permit differentiation with 
certainty However, in the majority of cases sufficient time elapsed 
between the finding of the positive reaction to tuberculin and the develop- 
ment of the lesion to assure with a reasonable degree of certainty that 
the lesion was of the reinfection type In some of our cases after the 
development of sensitiveness to tuberculin the location of the first foci 
of infection could not be determined Neither did pleurisy with effusion 
nor any other evidence of disease become manifest until the reinfection 
type was detected For example, m case 12 there was a positive reaction 
to tuberculin m 1930, but it was not until 1933, almost three years after 
her graduation, that a pulmonaiy hemorrhage occurred— the first mani- 
festation of clinical disease 

Case 20 is a similar example He was first found to leact positively 
to the tuberculin test m January 1930, but it was not until appi oximately 
SIX years later that he was ill with pulmonary tuberculosis In others 
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we have seen the first infection type of focus appear in the lung soon 
after the reaction to the tuberculin test became positive, and later the 
reinfection type of disease was seen to develop, as in case 17 In still 
others, after the reaction first became positive, we have been able to 
demonstrate the location of the first infection type of lesion and have 
seen pleural eflfusions develop and finally the reinfection type of disease, 
as m cases 21 and 23 Only 3 of these patients have died In cases 
23 and 24 tuberculous pneumonia developed, followed by empyema In 
case 24 death was due to empyema, in case 23 it was due to pulmonaiy 
hemorrhage In case 22 severe and fatal abdominal tuberculosis devel- 
oped In each of these 3 students we followed the evolution of tubei- 
culosis from the time of exposure to tuberculous patients until death 
occurred from resulting lesions 

With modern methods of treatment in most of our cases the 
lesions are at least temporarily under control Fortunately, through 
periodic roentgen examinations of subjects who show a positive reaction 
to tuberculin it is now possible to detect the location of chronic 
pulmonary lesions of the reinfection type long before symptoms appear 
When such lesions are detected and are proved to be progressive, treat- 
ment should be instituted at once Artificial pneumothorax with the 
patient ambulatory is proving satisfactory in many cases, particularly 
when the disease is unilateral, and has been administered to a few 
patients in this group Because of the long interval between the time 
of exposure to tuberculous patients, resulting in sensitization of the 
tissues to tuberculoprotein, and the actual development of the chronic 
reinfection type of lesion, most students when graduated from schools 
of nursing and medicine apparently are in good health, but when they 
are traced over a sufficiently long period, it is not unusual to find that 
clinical disease has developed However, the lesions are no moie severe 
and respond just as well to treatment as the lesions which develop in 
adult life among persons who were infected in infancy or childhood 

GROUP s 

In the subjects in group 5 the reaction to tuberculin was positive 
when our observation began, but no evidence of clinical disease could 
be demonstrated Later, reinfection forms of tuberculosis made their 
appearance 

Case 1 — ^In September 1930 an 18 year old freshman m a school of nursing 
reacted positively to a full milligram of tuberculin Roentgenograms m March 
and August 1931 showed no evidence of disease In June 1932 a roentgenogram 

24 Myers, J A Collapse Therapy and the Ambulatory Patient, J Thoracic 
Surg 3 175, 1933 Myers, J A , and Levine, Ida Artificial Pneumothorax in 
the Treataent of Progressive Minimal Pulmonary Tuberculosis, Am Rev 
Tuberc 31 518, 1935, Artificial Pneumothorax With Particular Reference to the 
Ambulatory Patient, J Thoracic Surg, to be published 
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repealed CMdence of infiltration m the first interspace near the periphery on the 
eft side In July there was no change m the shadow In September the shadow 
had slightly increased In February 1933 there was a marked decrease in the size 
of the shadow In April and September only slight evidence of disease remained in 
this area However, in February 1934 the extent of the shadow had definitely 
increased, and evidence of infiltration was present in the apex of the right lung 
By January 1935 improvement was again shown in the left lung, and the right 
remained unchanged No change was observed in either lung in subsequent roent- 
genograms through December 1935 

Case 2 — In December 1928 a 20 j'ear old student nurse reacted positively to the 
tuberculin test Roentgenograms of the chest showed visible interlobar pleura on 
the right side but no evidence of disease in either lung In November 1932, after 
registering for a course in public health nursing, she showed definite evidence of 
infiltration in the apex of the left lung In January 1933 there was no change in 
the appearance of the shadow In September 1933 this woman began working 
as a nurse and has continued on a full time basis 

Case 3 — In September 1930 a 25 3 ''ear old junior m a school of dentistry reacted 
positi\eI\' to the tuberculin test On Feb 26, 1931, a large pleural effusion was 
noted on the right side By June 1931 the effusion had absorbed, and theie 
remained onlj' CMdence of thickening of the pleura and diaphragmatic adhesions 
on the right side Roentgenograms made in 1932, 1933 and 1934 showed no change 
m his condition 

Case 4 — In November 1927 a 21 j'ear old sophomore in a medical school 
reacted positnely to the tuberculin test He had been exposed to a brother who 
died of tuberculosis m 1923 Roentgenograms of the chest on March 19, 1929, 
showed no evidence of disease He w'orked in a service for tuberculous patients 
from Jan 27 to Feb 9, 1930 In May 1934 roentgenograms revealed a small area 
of infiltration in the low'er lobe of the right lung On June 30 he had a pulmonary 
hemorrhage At this time there W'as evidence of cavitation in the lower lobe 
of the right lung, and he w'as institutionalized from July 16 to October 19 Artifi- 
cial pneumothorax w'as instituted on August 27 He changed climate from January 
to October 1935 Since then he has been practicing medicine and apparently is 
in good health 

Case 5 — In January 1931 a 47 year old freshman in a school of medicine 
showed a positive reaction to the tuberculin test Roentgenograms on Jan 20, 
1931, and Feb 1, 1932, revealed no evidence of disease On Feb 28, 1933, there 
was definite evidence of infiltration m the left lung extending from the apex to the 
third rib, as w'ell as an area of infiltration in the first interspace on the right side 
In April and June 1933 roentgenograms showed no change in the shadows 

Case 6— In March 1932 a 21 year old freshman in a school of nursing reacted 
positively to the tuberculin test Roentgenograms of the chest at that time and 
again in August showed no evidence of disease In November there was evidence 
of a small infiltration in the apex of the right lung In March 1933 the shadow 
in the right lung was unchanged In the left lung at the level of the second inter- 
space was a fairly large area of infiltration On April 15, 1933, the shadow in the 
right lung was unchanged, but that in the left lung had definitely increased, and 
there was evidence of cavity formation The sputum contained tubercle bacilli 
Artificial penumothorax was instituted on the left side, and the patient was sent 
to a sanatorium In April 1935 tuberculous pneumonia developed in the right lung, 
after which pneumothorax was discontinued on the left side , later, partial collapse 
was instituted on the right side On Feb 25, 1936, intrapleural pneumolysis w^as 
performed on the right side 
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Case 7 — In September 1932 a 21 year old freshman in a school of nursing 
reacted positively to the tuberculin test Roentgenograms of the chest on Nov 1, 
1932, and Dec 29, 1934, showed no evidence of disease The student worked in a 
special service for tuberculous patients from Jan 1 to Feb IS, 1935 On September 
24 a roentgenogram revealed an area of infiltration in the upper lobe of the left 
lung On November 12 and December 10 the shadow showed no change On 
Jan 6 and Feb 27, 1936, roentgenograms revealed no change m the shadow 

Case 8 — In October 1932 a 20 year old freshman in a junior college reacted 
positively to the tuberculin test No roentgenogram was made until Jan 29, 1935, 
when there was evidence of calcium deposits in the hilar region of the right lung 
There were no other abnormal findings During the next year a sister living in 
the home was found to have tuberculosis in a communicable form Roentgeno- 
grams made on Dec 30, 1935, showed in addition to the lime deposits evidence of 
infiltration extending from the apex to the second rib on the right side 

Case 9 — ^In 1932 a 24 year old freshman in a medical school showed a positive 
reaction to the tuberculin test There was a history of tuberculous cervical 
adenitis in childhood, and a remaining scar was present in the cervical region on the 
right A roentgenogram revealed evidence of a Ghon tubercle in the right lung, 
with calcified lymph nodes in the hilar region There was evidence of diaphragmatic 
adhesions on the right side On Dec 6, 1933, a diagnosis of tuberculosis of the 
left kidney and tuberculosis of the left epididymis was made Nephrectomy was 
performed on June 6, 1934 Examination of the chest in May 1935 showed only 
calcifications, as reported in 1932 

Case 10 — ^In April 1932 a 21 year old junior in a school of nursing reacted 
positively to the tuberculin test At that time roentgenograms of the chest 
revealed no evidence of disease On May 6, 1933, a roentgenogram showed eM- 
dence of pulmonary tuberculosis involving the upper lobes of both lungs, with 
cavitation in the apex of the right lung Artificial pneumothorax was instituted 
with the patient ambulatory, after which she worked for some time as a nurse 
She was then married and has given birth to a normal infant 

Case 11 — ^In September 1929 a 19 year old freshman in a school of medicine 
reacted positively to the tuberculin test On Jan 9, 1930, roentgenograms of the 
chest showed no evidence of disease On March 6 pleural effusion was present on 
the right side and persisted through March, when the student left school By 
March 17, 1931, the effusion had completely absorbed, and there was evidence of 
thickening of the pleura over the base of the right lung On Feb 8, 1935, infiltra- 
tion had appeared in the apex of the right lung and in the subclavicular region 
Infiltration was present in the apex of the left lung and in the first and second 
interspaces In May there was no change in the shadows On Feb 10, 1936, the 
extent of the shadow in the right lung had increased, while that in the left lung 
showed no change There were no symptoms at any time except when the effusion 
was present 

Case 12 — On Sept 28, 1932, a 19 year old sophomore student in a school of 
nursing reacted positively to the tuberculin test On Nov 1, 1932, and April 26, 

1933, roentgenograms of the chest revealed no evidence of disease On Sept 19, 

1934, an infiltration was present in the first interspace on the left side This shoved 
no change since roentgenograms were made in October 1934 In November 1934 
there was a slight increase in the extent of the shadow On March 19, 1935, the 
phrenic nerve on the left side was temporarily interrupted because of an increase in 
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the shadow On June 9, after a small hemoptysis occurred, artificial pneumo- 
thorax was instituted on the left side The patient is now making satisfactory 
progress 

C\.sn 13 In March 1932 a 19 jear old freshman in a school of nursing 
reacted positively to tuberculin A roentgenogram made on April 8 showed no 
eiidence of disease She worked m a senuce for tuberculous patients from Nov 
8 to Dec 24, 1934 On Nov 13, 1934, roentgenograms showed infiltration involv- 
ing the apex and first interspace on the left side The shadoiv did not change 
through 1935, the last examination being made on Nov 22, 1935 

Case 14 ^In September 1930 a 17 3 ear old freshman 111 a school of science, 
literature and arts reacted positnely to the tuberculin test, having been exposed 
to her father, who died of tuberculosis in 1932 Records elsew'here showed that 
the reaction to the tuberculin test W'as positive 111 1926 and that periodic roentgeno- 
grams of tlie chest had reiealed no evidence of disease On May 16, 1933, a 
roentgenogram revealed an area of infiltration involving the apex and first inter- 
space on the right side Tubercle bacilli were recovered from the sputum Artifi- 
cial pneumothorax w itli the patient ambulatory was instituted on Jul 3 '’ 5 She 
has since been graduated and has registered m the graduate school Apparently 
she is in good healtli 

C\SE 15 — In October 1933 a 30 3 eai old teacher reacted positively to the 
tuberculin test A roentgenogram of the chest taken on November 4 revealed 
e\idence of calcium deposits in the second interspace on the left On Jan 10, 
1934, after a small puhnonar} hemorrhage occurred, definite evidence of tuber- 
culous pneumonia iinohing the entire upper field of the left lung w'as noted 

The question often aiises as to whether in those students who leact 
positive!)' to the tubcicuhn test on admission to schools of nursing and 
medicine clinical foims of tubeiculosis develop while they are in school 
or soon after graduation, and, if so, whethei the lesions differ materially 
from the lesions of those who become sensitized to tubeiculoprotein 
during the course of then tiaining In group 5 are included fifteen 
subjects, mostly students, who wdicn first examined leacted positively 
jto the tuberculin test but who showed no roentgen evidence of disease or 
/only evidence of primal} foci In all of them, either while in school 
or soon after graduation, clinical torms of tuberculosis developed One 
had pleurisy wuth effusion (cat-c 3), another had lenal tuberculosis 
(case 9) and the others had pulmonaiy lesions The sixth patient was 
the only membei of her class wdio leacted positively to the test in the 
first year of nuising Within appi oximately a yeai she had pulmonaiy 
tuberculosis, wnth caiit)' foimation, and there weie tubercle bacilli in 
the sputum She has since had bilateial aitificial pneumothorax and 
intiapleural pneumol}sis and at the present time is seiiously ill As far 
as we have been able to obseixe, the lesions wdiich developed in this 
gioup have not differed in intensity 01 response to tieatnient from the 
lesions of those in wdiom clinical disease developed aftei the leaction 
to the tubeiculin test had become positive while the subjects weie under 
our obseivation 
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One must talce into consideration the small number of positive reac- 
tors who were admitted to these schools It seems probable that some 
selection has been practiced among the students who already had been 
contaminated when they entered For example, in the communities in 
which the subjects were i eared other girls and boys also had become 
contaminated with tubercle bacilli Those m whom pleurisy with effusion 
or clinical lesions developed while they weie in high school in all piob- 
abihty were not advised by their family physicians or their parents to 
enter schools of nursing or medicine Thus, foi the most part only those 
who had previously been contaminated and who had shown no external 
manifestations of tuberculosis entered such schools 

GROUP 6 

In the cases in group 6 no previous tubeicuhn tests had been made 
but the roentgenographic findings were negative Later, extensive pul- 
monary tuberculosis developed 

Case 1 — In December 1927 a 22 year old graduate student reported for exami- 
nation because it had been found that her roommate had had far advanced tuber- 
culosis SIX months previously The tuberculin test was not administered A 
roentgenogram of the chest made on December 5 revealed no evidence of disease 
in either lung On March 3, 1931, when this woman was teaching, a roentgeno- 
gram revealed only a Ghon tubercle formation in the upper lobe of the right lung 
On March 17, 1932, a roentgenogram revealed extensive disease in the upper field 
of the right lung, with evidence of cavity formation On April 15 artificial pneumo- 
thorax with the patient ambulatory was instituted, and the treatment has been 
continued to the present time 

Case 2 — On May 24, 1929, a 20 year old student in a college of science, 
literature and arts showed no roentgenographic evidence of disease of the lungs 
The tuberculin test was not administered He entered a law school and com- 
pleted the course On May 28, 1935, roentgenograms of the chest revealed evi- 
dence of extensive disease with cavitation involving nearly the entire left lung 
In the right lung the area of infiltration extended from the apex to the third 
rib, with cavitation at the level of the second rib Strict rest in bed was instituted 

Case 3 — In November 1928 a 19 year old student nurse had roentgenograms 
of the chest made which were reported as negative No tuberculin test was 
administered In August 1931 she was found to have a far advanced stage of pul- 
monary tuberculosis involving both lungs, with tubercle bacilli in the sputum 
Strict rest in bed and later bilateral artificial pneumothorax were instituted 

Case 4 — In October 1926 a 23 year old freshman m a school of dentistry 
showed no roentgen evidence of disease of the lungs The tuberculin test was not 
administered During the next year he was in intimate contact with a friend who 
had tuberculosis On Oct 20, 1927, there was a definite area of infiltration in the 
second interspace on the right On April 25, 1931, a roentgenogram revealed evi- 
dence of disease involving the first and second interspaces on the right side, with 
cavity formation Tubercle bacilli were present in the sputum Artificial pneumo- 
thorax treatment with the patient ambulator 3 '^ was instituted on Julj' 3, 1931, and 
was discontinued on Oct 21, 1935 Now this man is apparently m good health 
and IS enrolled as a medical student at the age of 33 
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The statement is occasionally made that during the teen age period 
roentgenogiams of the chest will reveal evidence of any disease which 
may cause illness at a later time in life Howevei, in each of the four 
cases (the lespective ages being 22, 29, 19 and 23 3 ^eais) in group 6 the 
loentgenogiams weie entirely cleai, yet seveial years later in each case 
an advanced stage of pulmonaiy tubeiculosis developed It now appears 
obvious that tubeiculosis may develop in persons of any age Any one 
who escapes infection as a child may become infected through contact 
exposuie, and clinical disease may develop at any subsequent time 
In the accompanying table we have partially sunimaiized the course 
of events in the 85 cases lepoited in this paper It will be observed that 
neithei meningitis noi miliaiy disease occuiied among our patients 
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CONCLUSIONS 

Young adults who have not been pieviously infected with tubeicle 
bacilli become contaminated in large numbers dining their couise of train- 
ing in some schools of nuising and medicine 

A positive leaction to tuberculin in a person who has previously 
shown no reaction to the test is the first obtainable evidence of the 
piesence of tubeicle formation in the body 

A few wrecks is usually lequired aftei tubeicle formation begins 
befoie the tissues aie sufficiently sensitized to tubeiculoprotein to react 
positively to tubeiculm 

At the time the icaction to the tubeiculm test fiist becomes positive 
theie usually is no external manifestation of tubeiculosis Symptoms 
aie absent, theie aie no abnoimal physical signs and roentgenograms 
laiely bung to light the location of the disease 

In a small peicentage of those who m adult life become contam- 
inated foi the fiist time the focus of the disease when located in the 
pulmonaiy parenchyma attains sufficient size to cast a shadow on the 
x-iay film wdiich can be visualized by the naked eye Such shadows 
usually become visible during the fiist thiee or foui months after the 
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infection has occuiied When these shadows leach their maximum 
size, they may show the same general appearance over a period of 
many months, after which they gradually recede In some cases the 
shadows remain, revealing evidence of fibious and calcium deposits, 
while in others they completely disappear 

The first infection type of tuberculosis as observed in our gioup 
of adults has resulted in no significant symptoms oi abnoimal physical 
signs throughout the entire course of development Indeed, the lesions 
in the majority of oui cases would not have been known to exist had 
It not been for periodic tubeiculin testing and the making of roentgeno- 
giams of the positive reactors 

In our experience adults in whom the first infection type of tuber- 
culosis develops, even with consideiable involvement of the pulmonary 
parenchyma and regional lymph nodes, do not lequire treatment in 
any form 

The prevention of tuberculosis of the first infection type among 
young adults consists of protecting them against exposure to patients 
with communicable tuberculosis For students of nursing and medicine 
this amounts to a strict technic for dealing with contagious diseases 
Apparently it makes little or no difference at what time of life 
the first infection with tubercle bacilli occurs, with reference to the 
evolution of tuberculosis in the human body When the first infec- 
tion type of disease occurs in the second and third decades of life it is 
just as benign as when it occurs m childhood 

Among those persons in whom through exposuie to patients with 
communicable tuberculosis the first infection type of disease develops, 
whether in infancy, childhood or adult life, including the third decade, 
a considerable number will subsequently show a reinfection clinical 
foim of tuberculosis 

Tuberculous pleurisy with effusion as it appeared m our group has 
been regarded as a reinfection form of tuberculosis It has occurred 
onl}'- among those persons whose tissues were sensitized to tuberculo- 
piotein In some of our cases the fiist infection focus in the lung was 
not located by roentgen examination, while in others it cast shadows 
definitely visible on the film, and in such cases the shadow usually 
preceded the appearance of the effusion 

During our period of observation w^e have seen the complete evolu- 
tion of tuberculosis and have observed practically every step in its 
development, from the time before the tissues became sensitized to 
tuberculoprotein until death occuired from consumption 

There is usually a period of many months or even years between 
the development of the fiist infection type of tuberculosis and the 
appearance of the lemfection type of disease 
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111 those subjects who became sensitized to tuberculoprotem under 
oui observation and in whom clinical pulmonary tuberculosis latei 
developed, we were unable to see any difference in the intensity of 
the disease or in the response to treatment from that in a group of 
joung adults in whom reinfection forms of tuberculosis had developed 
but who weie known to have been infected in infancy or childhood 
By loentgen examination alone it is impossible to differentiate 
between the first infection and the reinfection type of tuberculosis 
during the earlier periods of development Neither produces symptoms 
or abnoimal ph 3 sical signs Therefoie, a long period of observation 
IS entailed If the lesion proves to be of the first infection type, symp- 
toms and ph} sical signs do not appear, and the shadow gradually 
lecedes If it is of the reinfection type, symptoms may appear later, 
abnoimal physical signs may be elicited and the shadow on the roent- 
genogram may inciease in size oi show evidence of cavity formation 
or both 

The tubeiculm test should be administered to the negative reactors 
in schools of musing and medicine at least eveiy six months, since 
an interval of a jeai oi moie between tests materially reduces the 
\alue of a positne leaction in diffeientiatmg between the first infection 
and the reinfection t}pe of disease roentgenographically 

The lesions wdnch developed in our group of adults who showed 
a positive leaction to the tuberculin test when our observations began 
were similai to the reinfection types of lesions which developed among 
students after w^e had seen the benign first infection type of disease 
develop 

The fact that a roentgenogram of the chest shows no evidence of 
disease m a subject in the teens or early twenties is no indication that 
j pulinonaiy tuberculosis wmU never develop It is our opinion that this 
disease may develop in any decade of life from endogenous leinfections 
or exogenous first infections or lemfections 

The cases of tuberculosis reported in this paper for the most pait 
are fiom a student body of approximately 12,000 In this student body 
the number of students enrolled in the schools of nursing and medicine 
IS a relatively small group, yet there is an ovei whelming preponderance 
of lesions m this minor gioup, indicating to us that the problem of 
tuberculosis among >oung adults is most acute among those students 
wdio w'hile m the hue of dut) come m contact with tuberculous patients 



HIGH ALTITUDE DISEASE 
CARLOS MONGE, MD 

LIAIA, PFRU 

Much has been written on the disturbances produced by high altitudes, but 
Prof Monge was the first to establish the existence of definite clinical entities 
produced by maladaptation to life at a high altitude, studies which were first pub- 
lished in 1928 m a monograph entitled “La enfermedad de los Andes” Prof 
Monge has written, at my request, a summary of the disease which justly bears 
his name — Monge’s disease, and it has been my privilege to act as translator 

— E S Guzman Barron, Chicago 

A man who is acclimated to the high plateaux of the Andes (fiom 
10,000 to 16,000 feet, 3,000 to 5,000 meters, above sea-level) is, sensu 
shicUou, one who by ancestral oi acquired changes has the racial char- 
teiistics which allow him to behave physically and mentally like a man 
living at sea-level Thus it has been shown by many investigators that 
dwellers at a high altitude diEer from those at sea-level both from 
an anthropologic and from a biologic point of view Among the differ- 
ences have been noted erythremia, an increased viscosity of the blood, 
a diminished oxygen saturation of the arterial blood, an increased vital 
capacity and a diminished caibon dioxide tension of the arteiial blood ^ 

Acclimation to a high altitude may be congenital or acquired The 
fiist type defines itself The second type lequires a readjustment of 
the biologic mechanisms for fitness to life at a high altitude It is 
interesting in this connection to recall Father Calancha’s - obseivations, 
published m 1639, that the Spanish conquerors who went to the mines 
of Potosi, Bolivia, at an altitude of 14,000 feet (4,300 meters) had 
no offspring until fifty-eight jeais after the city was founded The 
mechanisms which enabled the Spaniards to become adapted were estab- 
lished slowly indeed 

It IS a mattei of common experience that many persons living at 
high altitudes, whether natives or not, have either lost oi failed to 
acquire the necessary adjustments for a normal life m these regions 
The acute form of maladaptation, mountain sickness, has been described 

From the Medical Clinic, the Faculty of Medicine 

1 Monge, M C La enfermedad de los Andes, Lima, Facultad de Medicina 
de Lima, 1928 Les erithremies de I’altitude, Pans, Masson & Cie, 1929, Chmato- 
physiologie et chmatopathologie des haux plateaux, in Fraite de climatologie biolo- 
gique et medicale. Pans, Masson & Cie, 1934 

2 de la Calancha, Antonio Cronica morahzada de la orden de San Augustin, 
Barcelona, Imp Pedro Lacaballeria, 1639, vol 1 
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many times, and its sjmptoms need not be discussed here Of interest, 
howevei, aie the bodily disturbances produced by the prolonged effects 
of a high altitude on those unadapted subjects, clinical entities which 
my colleagues and I obseived among the residents of the Peruvian 
Andes in the course of oui studies of the pathologic conditions due to 
high altitudes and which have been described under the name Andes 
diseases 

The clinical picture of high altitude disease may present a variety 
of forms, the predominance of a particular symptom depending on the 
degree of damage produced in the different organs and tissues by pro- 
longed anoxemia It has nevertheless been possible to observe the pre- 
dominance of two types of this disease (1) an eijdhremic type, which 
we have designated Jugli altitude eiythremia, on account of the lesem- 
blance of the S}mptoms to those of the Osler-Vaquez erythiemia, and 
(2) an emphysematous type, m which the respiratory symptoms aie 
moi e important Also we have observed numerous patients with cardiac, 
renal and digestive disorders caused by prolonged anoxemia due to 
living at a high altitude 

HIGH ALTITUDE ERYTHREMIA 

This type of high altitude disease has been the one most frequently 
observed by us It may take one of two forms a mild, subacute moun- 
iam sickness, or a se\eie, cJnomc mountain sickness 

Subacute Mountain Sickness — The symptoms of this form of moun- 
tain sickness appear insidiously and are characterized by a slight 
diminution in mental and physical fitness The patient complains of 
general fatigue Avhich bears no relation to the work he performs It 
IS 111 these cases that the characteristic erythremic color of the dweller 
at a high altitude is seen The patient becomes cyanotic when he makes 
the least effort Cephalalgia sometimes appears after a brief mental 
effort has been made , there is a tendency to sleepiness, which is easily 
interrupted by a sensation of asphyxia, which disappears after voluntary 
breathing occurs More frequently respiration is of the pei iodic type 
There is marked congestion of the mucous membianes (ocular, nasal 
and oral), and epistaxis, aphonia and ostalgia are marked (the Indian 
word macolca designates this symptom) Digestion is slow, and con- 
stipation appears Loss of weight is generally noted The patient with 
the more benign form, if he came originally from sea-level, thinks him- 
self acclimated and goes on with his daily work, to find later that he 
IS unable to keep up the kind of life to which he -was accustomed at 
sea-level If the disease continues nausea appears, sometimes with 
vomiting, dizziness and a diminution of the visual acuity, which is 
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characterized by difficulty of continuous reading and is expressed by 
the patient as “cloudiness” of vision Varied paresthesias, such as para- 
cusia, occur Sometimes these symptoms subside In some cases the 
patient goes back to a city at sea-level to consult a physician and finds 
with surprise that all his symptoms have disappeared He is sent home 
by the doctor, who says that the condition is due to nervousness, but 
once the patient is back at the high altitude the symptoms reappear 
This form of the disease permits the patient to live for a long time 
The number of red blood cells in such a patient is about 7,000,000 per 
cubic millimeter The number of leukocytes is sometimes slightly 



Fig 1 — A native of Peru with high altitude disease 

inci eased, and theie is a slight increase m the number of monocytes 
We have at times obseived a few macrophages in the peripheral blood, 
their presence having no relation to the severity of the disease The 
hemoglobin in the blood is increased from 10 to 20 per cent The pn 
of the blood (colorimetric) in the five cases in which it was measured 
was 7 48 (For twenty-two normal subjects in Oroya, Peru, at 12,200 
feet [3,650 meters] we found an average of 7 45 ) The basal metabolic 
rate, studied in collaboiation with Hurtado,® was found to be normal 
in seven of ten cases, m the other three it was below normal ( — 31, 
— 27 and — 16, respectively) The disappearance of the disease means 


3 Hurtado, A Am J Phj's Anthropol 17 137, 1932 
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complete acclimation to life at a high altitude Otherwise, severe and 
impoitant S3anptoms ma\ appeal, such as those grouped undei the name 
chionic mountain sickness 

The Seveie Foiin of High Altitude Erythiemm, oi CJnomc Moun- 
tain Sickness In this foim of the disease the resting patient becomes 
floiid and turns puiple at the least effort, the eiythremic aspect is more 
striking in natives because of then dark coloi In a white patient the 
skin appears blue This chaiacteiistic color is moie noticeable in the 
face eais, nose and hands, the daik cyanotic color being nioie conspicu- 
ous when compaied vith the biownness or whiteness of the body In 
cases of severe invohement the scleras are intensely coloied b}'" the 
distended capillanes the e\es being hidden behind edematous and bluish 



Fig 2 — The cliaractenstic appearance of the hands of a patient with high 
altitude disease 

e}ehds, the face is blue-violet, almost black, lesembhng that of an 
asphyxiated person, the nasal and oral mucosae are wine led, epistaxis 
IS frequent, aphonia is usuall) noted, and the tongue appeals laiger 
than noimal and full of blood, ivith prominent papillae The skin of 
the body is dry, while the foiehead and hands are coveied with sweat, 
even in cold wealhei The hands become enlarged and tuigid, accom- 
panied with consideiable distention of the superficial veins and clubbing 
of the fingers The nails become thick, opaque and veitically stiiated 
and appear to be inserted like watch glasses The thorax is large and 
of an emphysematous type Walking is slow, the patient being obliged 
to stop frequently He resembles an old emphysematous, plethoric 
patient, walking slowly and heavily He feels extremel} weak, has a 
marked tendency to sleep and not infrequently is found in a state of 
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drowsiness, indiffeient to what happens outside, with no desiies, even 
to take food When awakened from this lethaigic state he complains 
of general malaise and a sensation of anguish, spells of dizziness and 
fainting commonly occurring Blurring of the vision, nausea and vomit- 
ing at the least effort aie noted Sometimes the patient suddenly falls 
into a coma for two oi three hours, to leturn later to his pitiful 
condition 

Digestive System — In general it is an inability to take food rathei 
than anorexia that makes eating difficult, for the discomfoit increases 
considerably after the ingestion of food, and signs of asphyxia fre- 
quently come with swallowing Vomiting is fiequent On occasions 
there are crises of diarrhea 

Rcspii atoi y System — ^The patient lives in a state of insufficient 
hematosis and has incessant dyspnea The vital capacity diminishes pro- 
gressively Aphonia, coughing and frequently bronchitis are present 
Sometimes there aie also lecurring congestive processes in the lungs 
accompanied with hemoptysis, with or without fever, all of which symp- 
toms lapidly disappear when the patient goes down to sea-level 

Cii dilatory System — In the majority of cases cardiac disorders are 
not found for a long time We have frequently observed a doubling 
of the second tone With the progress of the disease comes cardiac 
insufficiency In one case symptoms of angina pectoris appeared after 
exertion but later disappeared when the patient descended to a low 
altitude In this particular case, when the patient tried to keep on 
walking his vision grew cloudy , he would then become unconscious and 
fall suddenly There are no constant alterations in the arterial blood 
pressure, rarely hypertension occurs Sometimes a patient is seen who 
has cardiac insufficiency due to anoxemia without erythremia, the symp- 
toms disappearing as soon as he is brought down from the high altitude 
There is generalized dilatation of the blood vessels of the skin and 
mucosae, which is an exaggeration of a phenomenon normal at high 
altitudes and which, combined with a plethora of blood, is the cause 
of numerous disorders The plethora is responsible also for the consider- 
able loss of blood in case a wound is sustained 

Special Senses — ^We have observed a vaiiety of disorders of the 
sense oigans which may be ascribed to dilatation of the capillaries, such 
as cloudiness of vision , temporary blindness, in which Dammert observed 
considerable dilatation of the capillaries of the retina, and temporary 
deafness, in which Raffo observed generalized vasodilatation of the 
tympanic membrane 

Livei and Spleen — In only two of seventeen cases in which there 
was no cardiac insufficiency was the size of the spleen moderately 
increased In two cases there was hypei trophy of the liver 
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Neivous Sysiein Patients with this disease complain of a variety 
of algesias and paiesthesias Some complain of excruciating pain in 
the lowei extieinities, with no history of syphilis and a negative Was- 
seiinann leaction, otheis have constant pain in the lumbar region oi 
in the joints, pain of such intensit}' that they are obliged to lemain m 
bed foi seveial da}s at a time This pain may disappear spontaneously 
In one case the pain disappeaied as the patient descended by tram fiom 
an altitude of 14,800 feet (4,500 meteis) to sea-level in twelve hours 
Theie is sometimes violent cephalalgia In one instance the cephalalgia 
subsided after lumbai puiictuie was performed Bleeding immediately 
impioves the condition in such cases and is used frequently by the 
Indians Paiesthesias aie vaiied in type and localization Some patients 
complain of unpleasant sensations of heat in the face , others, of violent 
sensations of cold One patient said he felt as if waim water were 
being thrown on his back, another complained of closely localized sen- 
sations of pain in the hands and feet One had the sensation of the 
loss of one hand, another complained of “bandaged legs ” The patients 
whom we studied while they w^ere at high altitudes unfortunately had 
had imperfect neuiologic examinations, and when they reached sea-level 
w'e were unable to find aiiy signs of impoitance 

Mental Distni banccs — In cases of severe involvement it is possible 
to find maiked disturbances iii the behavioi and memoiy of the patients, 
the entire psj^chic peisonahty appealing altered One of our patients, 
an engineer, had ciises of mental confusion duiing which he would 
make gioss mistakes in arithmetic and drawing, mistakes which he 
coirected once the crisis w^as ovei As the disease advances the patient 
becomes apathetic and indififerent to his environment, nothing interests 
him, and even with the knowledge that descending to sea-level will effect 
a cuie, he does not take the initiative in making the trip One of our 
patients wdio felt ill and tired at a high altitude refused to go down 
to sea-level when advised to do so He was taken down while in a coma, 
wdnch disappeared as soon as he leached sea-level It should be men- 
tioned that similai obseivations have been made by Barcroft in his 
studies wnth pneumatic chambeis'^ 

Blood — Marked polycythemia is the chaiacteiistic feature in these 
patients, the number of red blood cells being as a rule around 7,000,000, 
1 e, highei than the aveiage count at those altitudes, which is about 
6,000,000 In one case we found a count of 9,060,000 eiythrocytes The 
number of i eticulocytes also is increased There is slight leukocytosis 
in most cases, although in one instance we found only 4,000 leukocytes 
There is a piedominance of monocytes, and in some cases we noted 


4 Barcroft, J J Physiol 42 63, 1911 
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macrophages and cells of the histiocytic type We were not able to 
study the platelets Alterations in the process of clotting are manifest 
One patient had bleeding of the gums when he lived at an altitude of 
14,800 feet (4,500 meteis), hut this disappeaied as he went down to 
a level of 14,000 feet (3,700 meters) In another case the patient had 
convulsive attacks accompanied with puipura and the presence of blood 
in the cerebrospinal fluid, all of which disappeared when he was bi ought 
down to sea-level Epistaxis is fiequent In general the bihiubin content 
of the blood is increased (1 28 mg per bundled milhgiams in one case 
and 1 62 mg m anothei ) The van den Bergh reaction is of the indirect 
type The pn of the seium, like that of a normal subject living at a 
high altitude, is slightly moie alkaline than when he is at sea-level In 
one case of coma the pK of the serum was found to be 7 35, while after 
the crisis had passed it went up to 745 The alkaline reseive of the 
plasma is greater than that of a person who is acclimated to a high 
altitude When a patient is hi ought to sea-level no peiceptible alteration 
in the acid-base equihbiium is noted, as the composition of the blood 
returns to normal quicklj Determinations of the protein content of 
the blood have not given concoidant figures In one case there was 
a diminution of about 50 per cent, in other cases noimal values were 
obtained The concentration of hemoglobin in the blood is considerably 
increased, m one case reaching 179 per cent (taking 100 as the value 
found at sea-level) In this particular case 90 per cent of the blood 
volume was made up of erythrocytes, as detei mined with the hematocrit 
As a consequence of the increased concentration of hemoglobin, the 
viscosity of the blood is mci eased The oxygen saturation of the aiterial 
blood IS decreased Huitado found in one of our patients a satuiation 
of 57 per cent Although we have not yet studied systematically the 
relationship of the oxygen saturation of the arterial blood, the utilization 
of oxygen and the severity of the symptoms in this disease, we give 
m table 1 the oxjgen utilization (studied in Oroya, Peru) in one adapted 
subject and two patients We may say that all these chemical studies 
were only of a prehminaiy natuie and that well coordinated biochemical 
studies are of piime necessit) in determining the exact natuie of the 
disease 

Basal Metabolism — While the basal metabolism of normal peisons 
living at a high altitude is noimal, according to Hurtado,® in ten persons 
who presented the symptoms of mild eiythiemia we obtained the follow- 
ing figures — 1, — 14 — 3, — 4, 0, — 31, — 9, — 27, — 6, — 36 and — 12 
It seems that m these mild forms of the disease there is a diminution 
of the basal metabolism which approaches and reaches normal values 
with acclimation In table 2 ai e given the data obtained by Hurtado for 
SIX of our patients who weie suffeiing fiom severe erythremia The 
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difficulty of making studies of the gas exchange in untrained, ignoiant 
pel sons pioinpts us to be cautious about our investigations in this 
subject 

Gcuifo-Ui 1110 ) y System — The patients frequently complain of sexual 
fiigidity We ha^e seen patients with albuminuiia which disappeaied 
when they weie bi ought to sea-level but which returned as soon as they 
V ent back to the high altitude One patient, who lived at an elevation 


Table 1 Data on Etc Utthzahon of Oxygen by the Ttssiies of Not mat and 
Etytlucimc (Due to High Altitude) Subjects at a High Altitude 


Erythremic Subjects 
Normal , » 



Subject 

Severe 



f — 

^ ^ 

Erythremia 

Improved 


At 150 M 

At 3,700 M 

at 3,700 M 

at 150 M 

Hemoglobin, 

100 0 

117 0 

178 0 

105 0 

\rtcrial blood 





Oxygen Entiiration, 

90 0 

sso 

56 0 

810 

Oxygen tension, mm 

110 0 

65 0 

35 0 

52 0 

0\j gen in blood, \ ols To 

18 5 

21 6 

32 9 

19 4 

Venous blood 





Owgcn saturntion, 'll 

')8 0 

56 

45 

54 

0\^gen tension, mm 

37 0 

30 

31 

35 

Owgcn utilized. To 

38 0 

32 

11 

27 


Table 2 — Data on the Basal Metabolism Obtained by Hmtado for Patients with 
Scvcic El vthi ( iiiia at an Altitude of Thiee Thousand, Seven 

Hundied Mctcis 


Basal Meta 



Height, 

\\ eight. 

Svfrface 

Iron, 

Pulse 
Rate per 

Respira 
tion per 

bolic Rate 
(Aub Du Bois) 

Igc 

M 

Eg 

Sq M 

Min 

Min 

% 

00 

1 56 

51 9 

1 30 

78 

12 

+67 

47 

1 00 

50 0 

1 39 

84 

12 

+20 

31 

1 07 

75 4 

1 85 

75 

16 

+23 

"0 

1 63 

73 4 

1 80 

58 

18 

+18 

29 

1 65 

59 0 

1 65 

CO 

16 

+15 

33 

1 53 

57 7 

1 56 

48 

18 

+30 


* Tbe barometric pressure as ISO mm of mercury and the temperature from 13 to 18 C 
(’}'} j to G5 r ) 

of 13,000 feet (4,000 meteis), came to sea-level complaining of definite 
symptoms of renal insufficiency , the symptoms subsided and disappeared 
while he was at sea-level 

EvoluUoti of the Disease — As a rule, the patients consult a physician 
only aftei the illness has been present for some time, for from two to 
twenty years in about one hundied patients seen by us Sometimes a 
patient becomes tempoiaiily well even while staying at a high altitude 
As a rule, after a stay at sea-level a patient can letuin to a high altitude 
and live theie foi some time without gieat discomfoit As time goes 
on, however, the cine at sea-level is less and less enduiing, and asphyxia! 
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disorders may occui as soon as the patient reaches a high altitude, dis- 
orders which sometimes end in death Yet even in cases of severe 
involvement accompanied with anoxemic coma, a descent to sea-level 
brings general improvement If the patient stays at a high altitude 
death may result from hemorihage, pulmonaiy thrombosis, broncho- 
pneumonia or piogressive cardiac insufficiency 

We must point out the gieat similarity between the erythremic type 
of this disease and the essential erythremia first described by Vaquez, 
the difierence being that eiythiemia due to a high altitude subsides 
immediately when the patient descends to sea-level 

EMPHYSEMATOUS TYPE 

The emphysematous patient always has a long history of fiequent 
bionchitis and laryngitis The dominant symptom is dyspnea, which 
develops after the least efifort Q^anosis occurs rapidly It is not uncom- 
mon to see repeated attacks of congestion of the lungs accompanied 
with hemoptysis The thorax is globular, with mci eased resonance to 
percussion , the vital capacity is considerably diminished The fingers are 
clubbed The insufficiency of the right side of the heait appears rapidly 
The pulmonary ventilation is diminished, and as a consequence the alka- 
line reserve and the alveolai carbon dioxide content are relatively 
increased We may say that the condition resembles that described by 
the Argentine clinicians as Ayerza’s disease Hurtado, who has studied 
this type particularly,® found a low oxygen saturation in the arterial 
blood (ranging from 72 and 65 to 55 per cent) In one case he found 
a high carbon dioxide content in the arterial blood In those cases in 
which there is accompanying acidosis, the symptoms disappeai slowly, 
even when the patient is bi ought to sea-level 

From this condensed description it is seen that the fundamental 
characteristic of high altitude disease, the charactei istic which has made 
us group it as a nosographic entity, is the fact that all the symptoms 
subside or disappear as soon as the patient is brought down to sea-level 
This feature is undoubtedly due to a common cause, anoxemia The 
predominance of any one symptom must be due to the fact that the 
particular organ involved has stiff eied the most damage fiom the pro- 
longed effects of oxygen want 

5 Escudero, P Enfermedad de Ayerza La enfermedad de Ayerza y los 
cardiacos negros, in Publicaciones de la Chnica del Profesor P Escudero, Buenos 
Aires, El Ateneo, 1925, vol 1, p 19 

6 Hurtado, A Sobre la patologia de la altura, Lima, Mlner^a, 1930 



BRITTLE BONES AND BLUE SCLERAS IN 
FIVE GENERATIONS 

RALPH G HILLS, MD 

AND 

SAMUEL McLANAHAN, MD 

BALTIMORE 

The sjndiome of buttle bones and blue sclerotics is one of those 
comparatively laie yet inteiesting hei editary clinical entities which 
stir the imagination and excite the curiosity of clinician and investigatoi 
alike It is oui puipose heie to lepoit a case, including a family histoiy 
of five geneiations, and to leview biiefly some of the recent literature 
beaiing on the subject 

Key ^ in 1926 and Bell - III 1928 presented conipi ehensive mono- 
graphs on this subject The foimer furnished the fiist complete patho- 
logic study while the lattei investigated particularly the hei editary 
phase and through an exhaustive study of all reported cases piesented 
the most accurate known statistics as to the incidence A leview of 
their work should constitute a staiting point for any discussion of this 
subject To this summai} will be added other recent contiibutions 

HISTORY 

According to Bell," fiagility of the bones due to cancer, tubercu- 
losis and syphilis was described by Maicellus Donatus (1588), Fabri- 
cius (1609) and Fontanus (1639) Courtial (1705) noted that the 
bones of aged persons aie as fragile as those of peisons who have 
taken large quantities of mercury A few years later the suggestion 
uas made that osseous fragility may be inherited, but since the various 
causes of fragility, such as cancel, osteomalacia and iickets, were not 
\sen known, little progiess towaid an understanding of the hereditary 
feature of the syndiome was made In 1788, however, Eckman noted 
hereditary fragility in three generations, and by the middle of the 
nineteenth centuiy lecoids of some thirty families had been collected 

1 Key, J A Brittle Bones and Blue Sclera Hereditary Hypoplasia of 
the Mesenchyme, Arch Surg 13 523 (Oct ) 1926 

2 Bell, J Blue Sclerotics and Fragility of Bone, in Pearson, K Treasury 
of Human Inheritance, London, Cambridge University Press, 1928, vol 2, pt 3, 
sect 24 
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which showed a heieditaiy tendency to fiacture However, no mention 
of blue scleiotics was made in these reports 

In othei connections, however, abnoimally blue sclerotics had 
lecened passing notice, and von AmmoiH in 1841 demonstrated by 
means of pathologic dissections that the eftect is due to the fact that 
the choioid coat shines through an abnormally thin sclerotic coat Credit 
for the first mention of the association of blue sclerotics and fi agile 
bones goes to Spurway In 1896 he lepoited the occurrence of heredi- 
taiy osseous fiagility m four generations and lemaiked on the “curious 
bluish tinge of the eye-ball common to many members of 

this family” Foui }ears later Eddowes wrote his classic papei point- 
ing out the association of osseous fragility and blue sclerotics He 
repoited on fotii generations of a family and showed not only that the 
peculiai syndrome was inherited but that it followed the mendelian 
law, appearing as a dominant charactei 

In 1917 Bronson “ and van der Hoeve and de Kleijn ^ independently 
brought foith the striking obseivations that peisons with this syndiome 
tend m the thud and fourth decades to become deaf This deafness 
was later found to be due to otosclerosis Thus the triad brittle bones, 
blue scleiotics and deafness was finally established Latei a fourth 
featuie was to be added, namely, relaxation of the ligaments 

NOMENCLATURE 

Gieat confusion has existed in the past and continues to exist in 
the contempoiaiy liteiatuie with reference to the classification of buttle 
and soft bones Such a situation is easily understandable when it is 
considered that in many instances of abnormality of the bones there 
IS no known etiology, and in some cases there is failure to represent 
even a recognized syndrome The following terms are encountered, 
many of which are synonymous osteogenesis imperfecta, periosteal 
dysplasia, molhties ossium, osteomalacia, fetal rickets, fragilitas ossium 
osteoporosis and osteopsathyrosis On the other hand, there is a group 
of well known diseases which produce a variety of osseous lesions We 

3 von Ammon, F A Khnische Darstellungen der angeborenen Krauk- 
heiten und Bildungsfahler des menschhchen Auges, Berlin, G Reimer, 1841, ]> 73 

4 Spurway, J Hereditary Tendency to Fracture, Bnt M J 2 845, 1896 

5 Eddoves, A Dark Sclerotics and Fragilitas Ossium, Bnt M J 2 222. 

1900 

6 Bronson, E Fragilitas Ossium, Edinburgh M J 18 240 (April) 1917 

7 van der Hoeve, J, and de Kleijn, A Blue Sclera, Fragile Bones and 
Deafness, Arch f Ophth 95 81 (Jan ) 1918 



■iS 


HILLS McLANAHAN—BRlTl LB BONES AND BLUB SCLERAS 

aie not concerned heie witli this group, though it may be pointed out 
tliat iickets, scurvy, sj'philis, metastatic carcinoma, multiple myeloma, 
osteogenic tuinois, bone cysts and hypeiparathyroidism can produce 
changes which make bones either soft or fragile Descriptive terms 
demed fiom these diseases are fiequently applied to osseous lesions 
The greatest confusion, ho^^e^el, is seen to he in the group of idio- 
pathic 01 developmental osseous changes Probably the best classifica- 
tion foi the difteient types of idiopathic fi agility is a modification of 
that gn en b} Babcock ® 

I Heieditaiy type 

1 Herechtai} hjpoplaMa of the mesenchyme (buttle 
bones and blue scleias) 

II iConhereditai}'^ congenital type 

1 Osteogenesis imperfecta congenita 

2 Osteogenesis impeifecta taida (osteopsathyiosis) 

(1) With uhite scleias 

(2) ith blue scleras 

III Nonheieditaiy acquired type 

1 Ostcoscleiosis fiagilis geneiahsata (marble bones, or 
Albeis-Schonbeig s disease) 

IV Senile type 

1 Osteopoiosis 


Osteogenesis impeifecta was fust described by Lobstein® m 1833 
j\Iain obseiveis now believe that the pathologic process is essentially 
the same in the two types of osteogenesis impeifecta, the term congenital 
being leseived for multiple fractures present at biith while the term 
late lefeis to fragility de\ eloping after the second year of life 

Key^ sepal ated osteogenesis impeifecta entiiely from fragility of 
the bones in per sons har ing definite antecedents with the condition 
The hereditary osseous fragility associated with blue scleras he desig 
nated heieditaiy hypoplasia of the mesenchyme It is with the latter 
condition that this paper is piimaiily concerned 

8 Babcock, W W A Text-Book of Surgery, Philadelphia, W B Saunders 
Companj, 1935, p 203 

9 Lobstein, J G C F M Traite d’anatomie pathologique, Pans F G 
Levrault, 1833, vol 2, p 204 
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HEREDITY 

With few exceptions the disease is lemarkably heieditaiy Isolated 
cases have been recorded, howevei, such as those reported by Bowcock 
and Lewis/® Goin^^ Loddoni and Dessoft,^® in which no hei editary 
influence could be elicited BelP^ pointed out that females aie espe- 
cially liable to the condition, constituting 55 per cent of the patients 
whose cases have been reported As is the case in night blindness, 
dichromatism, hemophilia and hereditaiy atrophy of the optic nerve, 
females are the more potent tiansmitters of this anomaly Further- 
more, the disease as lepresented by its most typical defect, the blue 
sclerotics, is a true meiidehan dominant chaiactei One would expect 
that 50 per cent of the offspi ing of a heterozygotic person with this con- 
dition mated with a normal person would have blue sclerotics and brittle 
bones This, indeed, has proved to be the case in the many senes 
already studied With the aforementioned exceptions, one may con- 
clude that each affected person has an affected parent and that the 
affected person, in turn, will have an equal number of affected and 
unaffected children The unaffected children will not have affected 
descendants A generation is never skipped, as is occasionally the case 
with hemophilia (“knight’s move” of Bateson) Since the deafness 
occurs rather late in life, its presence is less often recorded in statistics 
But just as blue scleras and fragile bones are a part of the syndrome, 
so also IS otosclerosis, and therefore, though appearing late, it confoims 
to the hereditary rules just enumerated Bell has contributed a most 
complete hereditary study of this syndrome 

Recently, interesting cases with a record of the antecedents have 
been published by Mjziller,^® Stevenson and Cuthbertson,^^ Kersley,^® 
Holcomb,’-® Constans,®® Mucklow,®’ Levent,®® Hilgenfeldt ®® and others 

10 Bo-wcock, H M , and Lewis, G T Brittle Bones and Blue Sclera 
Report of a Case with Glycosuria, Ann Int Med 3 700 (Jan ) 1930 

11 Goin, L S Idiopathic Osteopsathyrosis, Am J Cancer 17 668 (March! 
1933 

12 Loddoni, G A Case of Blue Sclera (Osteopsathyrosis) Boll d'ocul 

11 65 (Jan ) 1932 

13 Dessoff, J Blue Sclerotics, Fragile Bones and Deafness, Arch Ophth 

12 60 (July) 1934 

14 Bell, J A New Pedigree of Human Inheritance, Ann Eugenics 4 41 
(April) 1929 

15 Bell2.i« 

16 Miller, E Famih’^ Tree of a Patient with Eddowes’ Syndrome, Acta 
med Scandinav 69 223, 1928 

17 Stevenson, G H , and Cuthbertson, D P Blue Sclerotics and Associated 
Defects, Lancet 2 782 (Oct 10) 1931 



45 


HILLS McLAN AH AN~B KITTLE BONES AND BLUE SCLERAS 

general physical characteristics 

Apait fiom the specific physical defects ahead} enumeiated, it has 
been lepeatedly obse^^ed that such persons tend to be undersized They 
aie shoit and slendei and many times lefei to themselves as being 
“small boned ” The noimal contouis aie occasionally alteied by the 
de^ elopment of bony defoimities The liteiatuie cairies man}'’ illustra- 
tions of extieme instances in ■which the limbs and spine aie warped 
into bizaiie shapes as a lesult of many fiactuies In addition to these 
defoimities, fiequenth theie is anomalous cianial ossification tending 
to produce piotuberances m laiious regions These may be bitemporal, 
occipital or fiontal Apeit, Bach and Odinet -■* described a patient who 
showed “a ^olumlnous cianium” and “an osseous bum piojectmg above 
the eais ’ The tempoi opai letal and sagittal sutuies have been repoited 
by Bi onson ® as gaping Ai labosse also i epoi ted a case in which 
there vere cranial defoimities Joachim and Wasch-'’’ studied three 
patients exhaustively and noticed m all a prominence of the veins, 
indicating phleboscleiosis As fai as we aie awaie, that was the first 
time such an obsertation had been made Apart from the abnormal 
chaiacteiistics noted, howevei, these persons appealed to enjoy good 
geneial health and showed the same intelligence as that of their normal 
brothers and sisters 


BLUENESS OF THE SCLERAS 

The blue sclerotics stand out as the most stiikmg featuie As one 
looks at an affected peison, one is struck by the china-blue color of 
the sclerotics, and as the majority of these subjects exhibit a rather 

18 Kersley, G D Brittle Bones, Blue Sclerae and Deafness, St Barth Hosp 
J 38 236 (Sept) 1931 

19 Holcomb, D Y Fragile Boned Family Hereditary Fragilitas Ossium, 
J Hered 22*105 (April) 1931 

20 Constans, G M Blue Sclera and Brittle Bones Journal-Lancet 49 507 
(Noa IS) \929 

21 Mucklow, S L Osteogenesis Imperfecta Tarda (Idiopathic Fragilitas 
Ossium) Two Cases, Bnt J Radiol 6 294 (May) 1933 

22 Levent, R Lobstein Syndrome Compared with van der Hoeve Syndrome, 
Gaz d hop 105 1901 (Dec 21) 1932 

23 Hilgenfeldt, O Contribution to the Disease Picture of Idiopathic Abnor- 
mal Bone Fragility, Deutsche Ztschr f Chir 238 433, 1933 

24 Apert, E , Bach, E , and Odinet Presentation of a Family Affected with 
Osteopsathyrosis ’ and with Blue Sclerae, Bull Soc de pediat de Pans 26 21 
(Jan) 1928 

25 Arlabosse J A Case of Fragilitas Ossium with Head Deformities and 
Blue Sclerotics, ’j de radiol et d’electrol 15 92 (Feb ) 1931 

26 Joachim, H , and Wasch, M G Fragilitas Ossium in Five Generations, 
Ann Int Med 7 853 (Jan ) 1934 
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delicate or even dainty appearance along with the bluish eyes, they have 
been said to look doll-like Most students have agreed with the early 
conclusions of von Ammon ® that the blue is imparted by the choroid 
and IS more apparent than usual because the sclera is thin and therefore 
more transparent Possibly “thin sclerotic” would be a term preferable 
to the misnomer “blue sclerotic” To substantiate this theory, BelP 
pointed out that ophthalmologists who have operated on such eyes 
and who have examined them with the slit lamp believe that the sclera 
IS thin However, Bronson® and later Patterson, quoted by Oast,^^ 
found the sclera to be of normal thickness An increased translucency 
rather than a decreased thickness has been suggested as a cause Fried- 
berg^® more lecently has found a decrease m the content of lime salts, 
which he said he believed accounted for the increased transparency 
Levander obseived an even darker shade near the ins, indicating 
various degiees of tiansparency in the sclera 

Fortunately m these persons there does not appear to be an increased 
liability for other ocular lesions to be associated with this alteration 
m the fibrous tunic Visual defects, refractive eriors and variations 
from the normal ocular tension have not been noted to occur more 
frequently One is again stiuck by the sharp differentiation of tissue, 
not only quantitative but qualitative, which this disease presents 

DEAFNESS 

That deafness occurs m this syndiome was first observed by Adaii- 
Dighton in 1912 But full credit must be given to van der Hoeve 
and de Kleijn,^ who, simultaneously with Bronson,® in 1917, showed 
that a hereditary type of deafness is really an integral part of the 
syndrome This featuie most frequently becomes manifest after the 
subject IS 20 yeais old and is said to be of the type ascribed to oto- 
sclerosis The deafness in otosclerosis is due to a process resembling 
osteitis fibrosa, occuinng in the otic capsule, which on subsiding heals, 
with the formation of “scar bone” that causes complete ankylosis of 
the stapediovestibular articulation, thus piecluding the transmission of 
sound waves to the internal ear There are few reports in the literature 
of the pathologic study of the ears in these cases As with most forms 
of conduction deafness, howevei, healing for all air-conducted sounds, 

27 Oast, S P Blue Sclerotics and Brittle Bones Report of Occurrence in 
Mother and Child, Arch Ophth 57 254 (Ma50 1928 

28 Fnedberg, C K The Nature and Existence of Abnormal Fragility of 
Bone, Blue Sclera and Impaired Hearing, Kim Wchnschr 10 830 (May 2) 1931 

29 Levander, G A Case of Brittle Bones and Blue Sclera, Acta chir 
Scandmav 63 301, 1928 

30 Adair-Dighton, C A Four Generations of Blue Sclerotics, Ophthalmo- 
scope 10 188, 1912 



47 


HILLS McLANAHAK—BRlTTLE BONES AND BLUE SCLERAS 

from the lowest thiough the highest, is impaired, while bone conduc- 
tion lemains piactically noimal 

Fnedbeig-® pointed out that both ner-ve and conductive types of 
deafness occur in patients with this syndiome, and he uses this as a 
strong argument against hei editary hypoplasia of the mesenchyme 
He said he behe^ ed the synch ome to be due to a defect in the organ 
and not to a defect in the primitive germ layei In the family which 
r\e studied theie was a histoiy of deafness in fifteen of twenty-seven 
affected membeis, or 55 per cent A.side fiom the fact that the mother 
of oui patient had the otoscleiotic t)pe of deafness, we have no means 
of knowing which type was present in our family Van der Hoeve 
and de Kleijn ‘ leported cases m which the petrous portion of the 
tempoial bone was opaque to loentgen ra 3 '^s, and they stated that this 
fact ma} be an aid in diagnosis because it shows abnoimal calcification 
of the otic capsule Kompanejetz has desciibed rathei extensively 
the causes of deafness in tins disease Strange combinations, such as 
those lepoited hr Lannois and Gaillard,^- occasionally appear Their 
patients weie total!) deaf sisters, one wnth and one without blue scleras 
The blueness w’as not noted until adult yeais, and both patients had 
associated syphilis, making the i elation wath this syndiome questionable 

rR\CTlRrS DEFORMITIES AND SPRAINS 

To estimate exact!) the degree of fiagility of bone is difficult Nor- 
mal pel sons have fractiiies with a fairly constant degree of trauma 
The occurrence, howevei, of tw^o oi more fiactures in a person with 
blue sclerotics in contrast to one oi no fractures in another member 
of the same famil) wdio has wdiite sclerotics is taken as an indication 
of fragility Levander has pointed out that the metaphysis becomes 
thinner just before it reaches the epiphysial line Many observers have 
noted that fiactuies fiequently occur at this site In contiast to osteo- 
genesis imperfecta, the fractures aie not likely to be piesent at birth 
but do occur off and on through childhood until pubeity is reached 
After puberty the bones are less hkel) to bieak, and the subject may 
begin to look forward to a moie peaceful and less hazaidous existence 
Comminuted and compound fractuies are lare, though our own .patient 
presents an example of the latter condition Nonunion is seldom encoun- 
tered, for as a lule the fiacture heals promptly without deformity 
and without excessive callus Deformity is due to malunion, not to 
softening of the bones, and for this reason should usually be pre- 

31 Kompanej etz, S Case of Deafness with Blue Sclera and Brittle Bones, 
Monatschr f Ohrenh 64 193 (Feb ) 1930 

32 Lannois, M , and Gaillard, R Blue Sclera and Total Deafness, Acquired 
and Incomplete, Ann d’oto-laryng , February 1933, p 141 
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ventable It has been repeatedly emphasized that the bones are unusually 
hard though brittle Conditions characterized by reabsorption of cal- 
cium, on the other hand, may well exhibit softening and its attendant 
bizarre defoimities 

The fibrous stiuctures suppoiting the joints are frequently loose 
and relaxed, allowing for an unusual range of motion Many such 
pel sons are “double jointed ” It is not surprising, therefoie, to encoun- 
ter many instances of sprains and dislocations Oui patient sustained 
a dislocation of the hip during a simple fall to the pavement Sprains 
are said to be more common than dislocations, though the tendency 
to either is likely to be a prominent feature in only an occasional family 

The roentgenographic appearance of the bones is characteristic, in 
that the density of the entire bone is decreased As a rule the cortex 
IS thin, and thei e is a wide marrow cavity In contrast to such a diaphy- 
sis, howevei, the epiphyses show a moie nearly normal size Occasionally 
an excessive amount of calcification has been noted in the petious 
portion of the temporal bone — presumably in the vestibulai region 

ETIOLOGY AND PATHOLOGY 

Most authoiities agree that there is some hereditaiy defect, but its 
exact nature has never been determined Key and others have pioposed 
the theory of hei editary hypoplasia of the mesenchyme, and this seems 
to be the most satisfactory explanation However, it has been pointed 
out that many other tissues of mesenchymal origin are not affected and 
that abnormalities have been noted also in ectodermal and entodeimal 
tissues 

The etiology has been sought by students of the disease among 
the endocrine glands, and at one time or anothei every gland has been 
suspected Kraus®® has discussed this thoroughly Fonseca®^ has 
reported two cases in which he said he believed that the condition was 
associated with a derangement of calcium metabolism and in which 
parathyroid therapy Avas followed by improvement For the most part 
the blood has shown a normal concentration of calcium and phosphorus 
Dessofif^® has lecently made out a case for h>perparathyioidism, and 
this of. all the endocrine disturbances seems the most logical to be 
considered as a causative factor He cited from the literature two cases 
of osteogenesis imperfecta associated with enlargement of the paia- 
thyroid glands But it must be pointed out that osteogenesis imperfecta, 
as well as other metabolic diseases of bone attributable to hypei para- 

33 Kraus, E J Relation of Brittle Bones and Blue Sclera to the Endociine 
System, Virchows Arch f path Anat 274 37, 1930 

34 Fonseca, A The Relation of Parathyroid Function to the Syndrome of 
Blue Sclerotics, Brasil-med 44 448 (April) 1930 
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thyroichsm. is cliffeient fiom the disease undei discussion Further- 
moie, with few exceiDtions, the calcium and phosphorus values foi 
the blood in these cases have been noimal 

The pathologic changes in the eyes and ears have aheady been 
discussed Ivey studied the osseous changes thoroughly and noted espe- 
cially that theie aie many wide canals lunning out through the cortex 
in all diiections and communicating freely In some of the larger canals 
collections of fat cells aie seen The bone marrow extends a short 
distance into the canals, where it is giadually leplaced by fat, which 
IS m turn replaced by m3'-xomatous tissue There is a superabundance 
of osteoblasts, which accounts for the rapid healing of fractures The 
tendons and ligaments aie small but aie histologically normal 

Buttle teeth have occasionally been noted but are rare Some mem- 
bers of Stobie’s famil}^ lepoited bieaking a tooth while biting bread 
Tanturn leported not only brittle teeth but brittle hair and nails as 
well None of these featuies had been noted in oui own cases 

DIAGNOSIS, PROGNOSIS AND TREATMENT 

A diagnosis of this condition is founded on the presence of abnor- 
mally blue scleias in a person one or both of whose parents had the 
same chaiacteristic The presence of the other stigmas is not essential 
to a diagnosis As a practical matter, however, most patients are first 
seen because of a fiactuie, and a diagnosis is made when the blueness 
of the eyes is noted 

The prognosis will vaiy with the individual case It can be pre- 
dicted that the fractures will unite promptly Deformities may lesult 
from malposition of the fragments but not from bending of the bones 
The most encoui aging feature is that pubeity so often brings about 
a cessation of the bone breaking, and thereafter fractures are much 
less likely to occui No method is known which will prevent the onset 
of deafness — a tragically important fact in a youth A person with this 
defect who marries may anticipate that one half of the offspring will 
be similarly affected 

Treatment has been empiiical and will continue to be so until an 
etiologic basis is found Endocrine preparations, drugs, vitamins, diet 
and physical therapy have all been employed No method of tieatment, 
however, has been shown conclusively to have any curative effect 
Exploiation of the paiathyioid glands has been proposed but appears 

35 Stobie, W The Association of Blue Sclerotics with Brittle Bones and 
Progressive Deafness, Quart J Med 17 274 (April) 1924 

36 Tanturri, V New Factors in the Complex of Blue Sclera, Brittle Bones 
and Deafness, Rev espah y am de laring , otol y rin 23 97, 1932 
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to us illogical for this paiticular entit)^ Bieuer stated the belief that 
he has seen beneficial results after the administration of strontium 
lactate and calcium phosphate, Ca3(PO^)2, the former stimulating the 
formation of osteoid tissue on which the latter more readily precipitates 
Goiter®® has discussed the use of thymus extract A patient with well 
controlled osteogenesis impel fecta tarda has recently been shown to be 
improved m a report by Secord, Wildei and Henderson They admin- 
istered the new thymus extiact of Hanson daily for a period of moie 
than three months and wei e able to demonstrate roentgenogi aphically an 
improvement m the density of the bones and some thickening of the 
cortex 

For the present the ph3fsician must insist on scrupulous care against 
injury for the affected child Fractuies wdien they do occui aie treated 
along accepted lines, the fact being borne in mind, howevei, that the 
bones unite quickly and that the period of immobilization may be 
1 educed Hein^® has described in detail methods used in treating an 
infant who had nine distinct fractuies, as noted roentgendgraphicallv 
Deformities may safely be corrected by osteotomy The eyes oidinaiily 
lequiie no treatment, while for the otoscleiosis, at the present writing, 
theie IS little to be done 


REPORT OF A CASE 

E M C , a white girl aged 10 years, was first admitted to the Union Memorial 
Hospital on July 3, 1930, having suffered a compound fracture of both bones of the 
left forearm Her family history revealed that members of four previous gen- 
erations on her mother's side had suffered from multiple fractures, had blue 
sclerotics and in later life had been deaf The child herself enjoyed good general 
health There had been a suspicion of rickets in infancy A year before her 
admission to the hospital she fractured a bone m the right forearm, the result, as 
111 this instance, of a minor fall 

The general physical examination revealed no abnormality apart from the 
injury and from the observation that the child had abnormally blue scleras 
There was an irregular laceration 2 cm long on the dorsal surface of the left 
forearm, and both bones showed marked deformit}" Roentgen films confirmed 
the diagnosis of a fracture of both bones of the forearm in the middle third with 

37 Breuer, J Treatment of Osteogenesis Imperfecta, Deutsche med 
Wchnschr 56 1735 (Oct 10) 1930 

38 Gorter, E The Treatment of Fragility of Bones with Thymus Prepara- 
tions, Nederl tijdschr v geneesk 1 2022 (April 27) 1929 

39 Secord, E W , Wilder, R M , and Henderson, M S Osteogenesis 
Imperfecta Tarda (Osteopsathyrosis) Treated with Thymus Extract (Hanson), 
Proc Staff Meet , Mayo Clin 11 1 (Jan 2) 1936 

40 Hein, B J Osteogenesis Imperfecta with Multiple Fractures at Birth 
An Investigation with Special Reference to Hereditv and Blue Sclera, J Bone 
& Joint Surg 10 243 (April) 1928 
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the Iragments displaced (% l) Open operation with wiring of the fragments 
was hnally required to obtain a satisfactory result This was carried out on 
July 8 by Dr P G McLellan, at that time resident surgeon The wound healed 
satisfactorily, and subsequent observation showed prompt solid union The cal- 
cium content of the blood was 9 8 mg per hundred cubic centimeters, and the 



Fig 1 Roentgenograms of the lelt forearm immediately after the fracture 

was sustained The small bones, thin cortex and delicate structure are well shown 
The patient was 10 years old 


Wassermann reaction of the blood was negative She was discharged from the 
hospital on August 20 In the dispensary viosterol was prescribed, and she was 
seen at intervals of several months 

On Feb 3, 1932, she was brought again to the hospital, having sustained a 
compound fracture of the right forearm while roller skating Roentgen films 
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revealed a fracture of the lower end of the radius and a separation of the epiphysis 
of the ulna, fragments of both bones being displaced With the patient under 
nitrous oxide anesthesia, the bones were satisfactorily reduced The calcium con- 
tent of the blood was 10 02 mg per hundred cubic centimeters, and the phosphorus 
content was 4 62 mg , both at the upper limits of normal The child was discharged 
on February 8 

Scarcely had the splints been removed when the child fell, on April 15, and 
again sustained a compound fracture of the right forearm Reduction was satis- 



Fig 2 — Posterior dislocation of the left hip following a simple fall to the 
pavement 

factory, and she was allowed to return home This was the fourth time that she 
had had a fracture of the forearm 

On May 14, only a month later, while jumping rope she fell to the ground and 
was unable to rise When seen at the hospital she exhibited the characteristic 
signs of posterior dislocation of the left hip A roentgenogram confirmed the 
diagnosis (fig 2) With the patient under nitrous oxide and ether anesthesia the 
dislocation was readily reduced, and a plaster spica was applied The child was 
permitted to go home in three days, and the cast was removed in three weeks 
She was allowed up on crutches and subsequent!}' walked quite comfortably On 
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August 8 she was seen again because of difficulty in walking Examination revealed 
increasing relaxation of all the joints The affected hip was still m proper posi- 
tion, but extended motion was painful Roentgenograms rev'ealed no abnormality 
except for some scoliosis and a consequent tilt of the pelvis 

The pain in the hip became worse, and on Feb 12, 1933, she was admitted to 
the Merc}’^ Hospital A diagnosis of arthritis of the hip was made Manipulation 
of the joint was carried out, and she was placed in a spica cast, remaining in the 
hospital until October 27 



pjg 3 — Roentgenograms of the right forearm which had been fractured on 
three different occasions Union was prompt and solid in each instance The 
osseous structure more neailv approached normal as pubertj- W'as reached The 
patient was 15 3 ears old 





Pjg 4 The famih tree showing the appearance of characteristic signs in 

tw ent3''-sevcn of the fift\-une members 

The hm continued to be painful however, and walking was awkward, owing 
to a certain amount of ankjlosis On July 10, 1934, the patient was admitted to 
the Kernan Hospital for Crippled Children, where subtrochanteric osteotomy was 
performed by Dr Albertus Cotton She left the hospital on September 2 After 
convalescing from this procedure, the girl has walked without pain and has been 
quite comfortable, despite the fact that she has complete ankylosis of the le t hip 
There have been no more injuries When examined by “ she 

had grown and, though still slight of stature, looked well The left hip was 
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ankylosed but ga\e comparatively little inconvenience, as she appeared to compeii' 
sate well with the pelvis We hope that puberty has brought freedom from frac- 
tures Her mother is sensible, however, in refusing the girl's insistent requests 
for permission to plaj basketball and to own and use ice skates 


COMMENT 

We were foitiinate in being able to gain an accurate account of 
the family, and data were available concerning fifty-one members, 
including five generations with collaterals All were traced back to a 
common ancestoi , a woman Twenty-seven members, approximately half, 
were affected Striking is the fact that only one member of the group, 
a 3 year old child, had blue scleras but had broken no bones This 
child is included in the accompanying chart Sixty pei cent of those 
affected were females Deafness was manifest in 57 per cent, being 
more marked in the earhei generations The incidence of deafness in 
the last twm generations was only 25 per cent, illustrating its occurrence 
later in life In no instance did an unaffected member give rise to an 
affected one Successive generations levealed lower peicentages of 
affected membei s In studying the five persons m direct line, we noticed 
that all of them had demonstrated the three factors of the disease, with 
the exception of the 15 year old giil, the patient whose case has been 
detailed, who was not deaf It can be predicted with almost certainty 
that otosclerosis will overtake her in the third or fourth decade of life 
The findings in this family are in close agreement with the compie- 
hensive statistics published by Bell 

It has interested us especially that we have been able to follow this 
child into adolescence and that there has been an apparent cessation of 
the fracture process, along with an improvement in physique This 
observation, made many times before, might well give a lead as to the 
best therapy 

We believe that it is important that an affected peison should be 
sensibly informed as to the facts of heredity in this disease, so that he 
may better face the difficult problems of maiiiage and having offspiing 

CONCLUSIONS 

This hereditary clinical entity is characteiized by four distinct fea- 
tures blue scleras, fi agile bones, a tendency to deafness and marked 
relaxation of the ligaments 

It IS to be distinguished from a large group of nonhereditary con- 
ditions associated with soft oi brittle bones occurring at all ages and 
exhibiting many diffeient etiologic factors 

This sjndrome is best described as a hereditaiy hypoplasia of the 
mesenchyme and folloAvs the mendehan law of inheritance, appearing 
as a dominant character 
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Aftected subjects aie small The blue scleiotics aie geneially attrib- 
uted to thinness of the scleiotic coat, through which the choioid shines 
The deafness is of an otosclei otic type 

The fiactuies aie not likely to be present at biith but occui thiough- 
out childhood until pubeit) is i cached Union is as a lule piompt and 
complete 

The exact etiologj is unkuoiMi The pathologic changes have been 
caiefully studied 

No method of tieatment has been shown conclusively to be curative 
Ne^^ appioaches along endociine lines give the greatest promise of 
being helpful 

One case has been lepoited in detail In addition, data have been 
presented on fifty othei members of the same family, showing graphi- 
cal!} the OCCUI lence of the piimaiy featuies of the disease in twenty-six 
of these 

Dr Sarali Peyton and Dr R R Norns, of Cnsfield, ^Id , aided materially 
m obtaining data on the famiiv history, and Dr Stacy R Guild, of the Oto- 
larjmgological Department of the Johns Hopkins Medical School, cooperated m 
preparing the section on deafness 

18 East Eager Street 

108 East Thirtv-Third Stiect 



DIVERTICULUM OF THE PERICARDIUM 


E H CUSHING, MD 

CLEVELAND 

Effusion into the pericardial cavity and inflammation of the peri- 
cardium are of fiequent occuirence, and the diagnosis is usually made 
by clinical methods Congenital absence of the pericardium and cyst 
of the pencaidium haie been noted at postmortem examination A 
diverticulum of the pencaidium, however, is unusual, and a clinical 
diagnosis has seldom been made In some cases the diverticulum is 
probably of congenital origin Bristowe, Atayas-Maraty, Seidlei, Schir- 
mer and Neprjachm have reported cases m which there was a large 
opening into the sac, with no evidence of a pathologic condition of 
the pericardium Theie is no embryologic or anatomic explanation for 
the presence of an area of weakness m the peiicardium A ti action 
diverticulum may occur (Luschka), with concomitant cardiac oi peri- 
cardial disease In cases of the latter type one may imagine that the 
pericardium had unusually thin fibers m one aiea or was weakened 
by disease and that increased mtrapericardial pressure foiced an out- 
pocketing through the fibrous layer In one case the small opening 
connecting the diveiticulum to the pericardium had been closed, possibly 
by further scarring of the peiicardium (Atayas-Maraty) Pericardial 
diveiticula have been described ranging from the size of a pea to that 
of a pear 12 cm long It is interesting that in 52 5 per cent of the 
cases the diverticulum presented to the right There is no pathologic 
explanation for this apparent area of weakness in the peiicardium 
Histologic examination of the wall of the diverticulum has shown 
It to be indistinguishable fiom the pericardium 

The clinical examination may lead one to suspect the piesence of 
an enlarged heart or of a mediastinal tumor The roentgenologic find- 
ings have been carefully studied by Kienbock and Weiss, who have 
described five cases In one case the diverticulum was noted at post- 
mortem examination, and that enabled the authors to make a diagnosis 
m the other four cases roentgen ologically They stated that an abnoimal 
mass, rounded but with somewhat sharp sides, rests against the heart 
and pulsates The i oentgenographic pictuie can be confused with that 
of an aortic aneurysm oi a dermoid cyst of the mediastinum Jansson 

From the Department of Medicine of the Lakeside Hospital and the Western 
Reserve University School of Medicine 



T^BLn 1 Data on the Location of Dwciticuhim of the Pencat chum 


Position of Diverticulum 

Pipht side of cardiac shadow 

Lett side of cardiac shadov 

Anterior 

Posterior 

Lateral 

J»o description 


Number of Percentage of 
Oases Oases 


21 

5 

5 
1 
2 

6 


62 6 
12 5 
12 5 
2 6 
50 
15 0 


T \nLE 2 


— Data foi Cases of Divci ticuhim of the Pei icat chum 


\uthor 

No 

of 

Date Oases 

Clinical and 
Pathologic 
Findings 

Cardiac or 
Pericardial 
Pathology 

Description of 
Diverticulum 

Hart, T 

1S37 


'Woman had ana 
sarca, old adhc 
hesions m pleuial 
caMtj 


Diverticulum in anterior 
portion of mediastinum, 
opening at point of 
reflection on aorta, sac 
contained 3 or 4 oz of 
fluid, opening admitted 

1 finger 

Hird 

1S4S 


G') eear old patient 

■Vegetation of 
the mitral 
valves, surface 
of heart rough 
from old effu 
Sion of lymph 

Pendent cyst connected to 
right side of perlcar 
dium with slitlike 
opening 

Cnireilhier, J 

1SJ9 


\gcd woman, died 
of rupture of 
heart into peri 
cardium 


Hemispheric pocket In 
anterior, superior por 
tion of pericardium 

Hokitan'ky, L 

lSo2 

0 

No information 


Both on lateral part of 
pericardium 

Luschka 

ISjO 

n 

o 

No information 


Largest, size of walnut 

‘^Ptir, S 1 

ISC') 


Woman nith pal 
pitation 

Palpitation 

To left of pleural cavity, 
large diverticulum, 
“pericardium absent 
with arrested develop 
ment” 

Peacock, T B 

ISCG 


No information 


Diverticulum 1 inch in di 
ameter with tubular pas 
sage 1 inch long, small 
aperture to pericardial 
cavity, coats thin and 
transparent 

Bri=towc, J S 

1EG7 


"Man, aged 47 

Aortic and mi 
tral disease con 
finned at 
autopsy 

Diverticulum in anterior 
portion of mediastinum, 
11/^ inches long, orifice 
oval, % inch long 
crescentic folds m diver- 
ticulum, congenital 
origin? 

Culler 

1875 


Diabetic man 


Diverticulum over Inferior 
and posterior aspect of 
pericardium, protruding 
into mediastinum and 
connected with pencar 
dial cavity 

Baudj' 

3879 


Postmortem cxnini 
nation sclerosis 
of aortic valves 

Aortic sclero 

SIS, heart en 
larged, fibrous 
bands on 
outer surface 

Diverticulum at right in 
ferior surface of peri 
cardium, sac contained 

2 oz of fluid 

Coen, E 

1885 


Man aged 40, died 
of nephritis and 
uremia 

Mitral stenosis 
and insuffl 
eiency, aortic 
insulBciency 

Diverticulum, size of hen’s 
egg, at right side of 
pericardium, circular 
opening, size of head 
of pin 

Corsini 

1890 


Woman aged 20, 
died of typhoid 
and pulmonary 
complications 


Cyst between anterior pul 
monary artery and vein, 
started with tube 3 mm 
in diameter two appen 
dives, 4 5 and 6 cm long, 
covered entire wall of 


heart, wall thin, micro 
scopieally wall was like 
pericardium 


Table 2 — Data foi Cases of Dwci ticidum of the Pencai ditiiu — Continued 


Ko Clinical and 
of Pathologic 

Author Pate Cases Pindings 

Ataj as Maraty 1895 Postmortem e\ami 

nation divertieu 
lum of congenital 
origin’ 


Piazza Martini! 1895 Man aged 21 died 

of cardiac failure 


Schrotter, P 1901 Pericarditis follow 

mg Bright’s dis 
ease 

Rohn, A 1903 4 (a) Woman aged 40 


Sehgenti, W 

1921 

Pericarditis 

Seidler, E 

1921 

M Oman aged 63, 
blood pressure 
230/170, died of 
apoplexy 

Schirmer, 0 

1923 

Woman aged 40 
generalized tuber 
culosis and Pott’ 
disease 

Dauer, W 

1925 

Man aged SO in 
sane, pulmonary 
tuberculosis 

Grabowski, W 

1926 

Woman aged 50 

heprjachin, G 

1927 

Man aged 32 pul 
monary tubercu 
losis 

Kedrovsky, 

V V 

1929 

Woman aged 47 
with mitral ste 


nosis 


Cardiac or 

Pericardial Description of 

Pathologi Diverticulum 

Diverticulum in anterior 
portion of mediastinum, 
11 cm long, pear shaped, 
connected to pericardiuin 
by canal 2 cm by 8 mm , 
did not open into pen 
cardial cavity, contained 
80 cc clear lemon jel 
low fluid, histologic e\ 
amination structure 
comparable to that of 
pericardium 

Heart bilaterally “Cyst” m upper anterior 
enlaiged part of pericardium, 

connected with pericar 
dium, containing same 
clear fluid 

Diverticulum, size of hen s 
egg, protruded into right 
lung, filled with serous 
fluid 

(«) Mitral ste (a) Diverticulum 7 cm 
nosis and m long with 9 mm circu 

sufficiency, lar opening 

pericardial (b) Diverticulum to right, 
effusion 4 5 by 4 cm , circular 

opening 

(c) Diverticulum opening 
to left 4 5 by 2 cm 

(d) Diverticulum openmg 
to left 1 by 2 cm , with 
4 mm openmg posterior 

Diverticulum, 8 5 by 5 5 by 
3 5 cm , wall resembled 
thin pericardium 

X ray plate Diverticulum size of hen’s 

showed mass egg to right 
to right of 
heart, aneurysm 
or dilated 
aorta? probably 
congenital 

Two diverticula to right 
(1) 2 5 by 2 by 1 cm with 
7 mm opening, (2) 8 by 
9 by 4 mm , probably 
congenital in origin 

Diverticulum near right 
auricle, 8 by 6 by 4 cm , 
containing 5 cc clear 
fluid, wall hke pericar 
dium but thinner re 
sembled Meckel’s diver 
tieulum 

Syphilitic aor Diverticulum at anterior 
titis and aortic aspect and more to right 
dilatation with 3 8 by 2 2 by 2 cm with 

resulting aortic probe sized opening into 

insufficiency pericardium 

Fibrous endocar Diverticulum 1 8 by 1 5 by 
ditis 6 cm with pencil sized 

opening into pericar 
dium extended to right, 
by right auricle, con 
genital origin? 

S ray plate Diverticulum to right 5 5 

showed heart by 2 cm with oval open- 

enlarged to ing 3 5 cm m diameter 

right, with 
diverticulum 
seen as tnnn 
gular shadow 



Tab^2 Data joi Cases of Dwahctilum of the Pe) icai dium—ConUnued 


Author 


No 

of 

Date Cases 


Clinical and 
Pathologic 
Pindings 


Ivtenboclv, H , i929 

and Weiss, K 


3 (a) Woman aged 39, 

followed for 21 
years, at 5S years, 
pulsating tumor to 
right of pericar- 
dium, 13 years 
after diagnosis of 
aneurysm 

(b) aian aged 33 

(c) Woman aged 37, 
followed for 3 
sears, clinical 
question of tu 
mor or aneurysm, 
diverticulum pres 
ent post mortem, 
diagnosis in pre 
vious two eases 
then made 


Cardiac or 
Pencardial 
Pathology 


Description of 
Diverticulum 

Diverticulum to right, 
^ ray diagnosis 


Diverticulum to right, 
■V raj’- diagnosis 


Tansson, G 

1931 

Patient followed 
for 2 years, no 
change 

Diverticulum to right, 
\ray diagnosis, rounded 
shadow to right of pen 
cardium 

Wiese, 0 

1931 

Man aged 20 

Sray diagnosis by Kien 
bock, diverticulum ex- 
tended to right 

Tpsdnziti, II 

1931 

Man aged SI with 
pulmonary tuber- 
cuio^is, dementia 
pracco-s. 

Diverticulum 9 by 3 hy 4 
cm at right lower end 
of pericardium, mdis 
tmguishable from peri 
cardium 

JuderiioJm, 

1932 

2 (a) A 34 year old 

Diverticulum to right, ex 

X G 


patient 

(b) Woman aged 

32 with mitral stc 
nosis, question of 
interlobar pleurisy , 
died of cardiac 
decompensation 
proved diverticu 
lum at necropsy 

tending into lung field 
Diverticulum to right, with 
opening the size of pen 
cil into pericardial cavitv 
near base of right lung 
close to mediastinum 

Kionboclv', H , 
and Weiss, K 

1932 


Reports cases a, b and c, 
as m 1929 to right and 
new case, d, with diver 
ticulum to left, xray 
diagnosis 

Lienbock, R , 
and Weiss, K 

1931 

(a) 1 ui thei report 
on first patient, 
now O'! years of 
age, diyerticulum 
showed calcificn 
tion 

(c) Man aged 42 
with calcified dl 
verticulum 

Diverticulum to right, 

X ray diagnosis 


added anothei helpful observation by stating that on deep inspiration 
the shadow becomes long and iiariow and with expiration, loundei, 
shorter and bioadei 

Beck and Cushing leported nine cases m which there was evidence 
of increased intiapericaidial pressuie The fourth patient in that senes 
was studied in 1931, and loentgeiiograpliic examination showed a mass 
sug'g’estive of an encapsulated pericardial eftusion oi an aneuiysm and 
definite deposits of calcium m the pencaidium This patient could not 
be followed and was not seen until July 1935, when he appeared in the 
dispensary and stated that a nontendei mass had appealed on the left 
side of the chest, close to the ^Tieast bone 
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REPORT or A CASE 

A 43 year old Negro laborer had been treated in 1925 for a gumma of the leg 
Six years later he reappeared m the outpatient department with the complaint of 
an aching pain in the right side of the chest which was accentuated by activity and 
by lying on that side There were marked distention of the veins of the neck, 
enlargement of the heart, especially to the right of the sternum, and occasionally 
extrasystoles There was no Broadbent sign or pulsus paradoxus There was no 
ascites, and the liver was not palpable The arterial pressure was 136 mm of 
mercury systolic and 80 mm of mercury diastolic The venous pressure was 22 cm 
of physiologic solution of sodium chloride Roentgenograms showed enlargement 
of the heart, with indefinite pulsation A mass (fig 1) suggestive of an encap- 
sulated pericardial effusion or an aneurysm was present which displaced the heart 



Fig 1 — A roentgenogram showing widening of the right cardiac outline and 
calcification in this area 

backward and to the left The pericardium showed definite deposits of calcium 
A dextrocardiogram was slightly irregular, with occasional ventricular premature 
beats The voltage was normal 

The patient was next seen in the dispensary in July 1935 He stated that about 
eighteen months previously he had noted a nontender swelling to the right of the 
sternum (fig 2), which had steadily increased in size m spite of repeated aspira- 
tion of clear yellow fluid by his physician There had been increased dyspnea on 
exertion during the past year Physical examination revealed a soft, fluctuant, 
nontender mass, 8 cm in diameter and 4 cm in height, between the third and the 
fifth rib to the right of the sternum The swelling pulsated with cardiac systole, 
but there was no thrill The heart sounds could be well heard over this area 
The heart was enlarged to the left, and a systolic murmur was heard at the apex 
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The blood pressure was 126 systolic and 100 diastolic m both arms The remainder 
of the examination revealed no abnormality Roentgenographic and fluoroscomc 
examination showed little change from the plates made four years previousV 
There was possibly a trifle more calcification in the pericardium The venous pres- 
sure W'as 400 mm of water The 180 cc of yellowish fluid which was withdrawn 
showed some nnoluted acid- fast forms, and inoculation of this fluid into guinea- 
pigs produced typical acid- fast lesions, causing their death Inspiration and 
expiration caused changes in pressure on the manometer which was attached to 
the tumor, and cardiac sj'stoles also were recorded on the manometer Fifty cubic 
centimeters of air was injected into the tumor, and a roentgenogram showed part 
of the air to be in the pericardial cavity and part beneath the skin (fig 3) An 
unsuccessful attempt w'as made to inject more air in order to outline the peri- 
cardium properly 

While the patient w'as m the hospital auricular flutter developed, but digitalis 
produced a normal rh} thm The patient felt much better after aspiration of fluid 
and was discharged, to be followed in the dispensary 



Fig 2 —Photographs showing the mass to the right of the sternum 


The patient was readmitted to the hospital on Dec 3, 1935 He stated that he 
had been well and had had no swelling of the chest or shortness of breath A 
week before his readmission to the hospital he had a cold, and the swelling reap- 
peared on the chest Fie complained of weakness, nausea and vomiting There 
was evidence of retention of food eaten at least six hours previously Physical 
examination showed no change in the past six months Fluoroscopic examination 
of the stomach showed evidence of an ulcer niche about 1 4 cm in width and 
0 08 cm deep The patient was placed on a Sippy diet and atropine, which con- 
trolled the gastro-intestinal symptoms A second fluoroscopic examination made 
four weeks later showed that the ulcer had disappeared 

The pericardial diverticulum was aspirated twice, and 50 and 45 cc, respec- 
tively, of thm, brownish fluid was removed Smears showed no tubercle bacilli 
The intrapencardial pressure fell from 12 cm of water to 0 at the end of the tap, 
and the venous pressure dropped from 15 cm of a 0 25 per cent solution of sodium 
citrate to 13 cm There was no change m the blood pressure or in the patient s con- 
dition at the end of the procedure 
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Air was again injected into the diverticulum and again could be seen in the 
pericardial cavity Thickening of the per'cardium could be seen over the base 
of the heart 

Electrocardiograms showed an elevated T wave m the fourth lead Otherwise 
there was no abnormality Removal of fluid from the pericardial diverticulum 
did not alter the electrocardiographic picture, and the electrical axis did not 
change 



Fig 3 — Air is present m the subcutaneous mass and in the pericardial cavity 
Note the thickness of the pericardium and the calcification 


COMMENT 

This case is the first described m which a pericardial divei ticulum 
has presented on the anterior wall of the chest The diagnosis was 
confirmed by injecting air into the subcutaneous mass and finding air 
within the pericardial cavity The i oentgenographic findings were 
tjpical of those in the cases described by Kienbock and Weiss and by 
Jansson The diagnosis of calcified tuberculous pericarditis was con- 
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firmed the demonstiation of tubeicle bacilli in the pericardial fluid 
obtained by aspiiating the diverticulum and by the death from tuber- 
culosis of gumea-pigs inoculated with the fluid 


SUMMARY 

Thirt3'^-nine cases of diveiticulum of the pericardium have been 
described iii the liteiatuie, and one additional case is repoited heie 

Note An additional case of pencaidial diverticulum on the light 
side was desciibed bj Einst, with the typical shadow shown to the right 
side of the heait in the loentgenogram 
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PATHOGENESIS OF ERYTHEMA NODOSUM 

WITH SPECIAL REFERENCE TO TUBERCULOSIS, STREPTOCOCCIC 
INFECTION AND RHEUMATIC FEVER 

WESLEY W SPINK, MD 

BOSTON 

Considerable attention has been diiected in recent years to the eti- 
olog}’ of erythema nodosum Vaiious explanations for this cutaneous 
eiuption hare been given and include the following (1) It is a mani- 
festation of tuberculosis, (2) it occuis as pait of the svmptom 
complex of iheumatic feier, (3) it has its oiigin in streptococcic infec- 
tion, (4) It IS a specific infectious disease the etiology of which is 
not known, and (5) it ma} occui dining the couise of vanous infec- 
tions, and any one of a number of toxic and bacteiial agents may be 
the cause, including the tubeicle bacillus and the hemolytic strepto- 
coccus 

While most iters appeal to accept the tuberculous concept of 
erythema nodosum, nij colleagues and I have been impressed by the 
close association uhich tlie appeal ance of this eiuption has with strep- 
tococcic infections Because of the appaient confusion in the literature 
and our oun pieiious obsenations, the following studies were cairied 
out My pm pose heie is to point out that erythema nodosum is a 
nonspecific mflammator> icaction of the skin due to a vaiiety of agents, 
including the tubeicle bacillus and the stieptococcus 

METHODS 

In addition to a review of the literature, two methods of approach were followed 
m this study First, clinical and experimental studies were carried out on ten 
patients with erj'thema nodosum These included nine females and one male In 
an endeavor to elicit any precipitating factor in the patient’s illness the following 
means were employed A careful history was obtained in each case with par- 
ticular reference to any recent infection or exposure to tuberculosis, repeated 
roentgenologic examinations of ttie lungs were made, and when sputum could be 
obtained examination v^as made for the tubercle bacillus , for patients in whom 
rheumatic fever was suspected, at least one electrocardiogram was taken, and 
repeated observations were made of the sedimentation rate of the erythrocj^tes , 
cultures of material from the nose and throat were studied by the pour plate method 
for hemolytic streptococci , aerobic cultures were made of venous blood also , teeth 

From the Thorndike Memorial Laboratory, Second and Fourth Medical 
Services (Harvard), the Boston City Hospital, and the Department of Medicine, 
Harvard Medical School 
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with clinical or roentgenologic evidence of infection were extracted, and cultures 
were made of material from the roots and the cavities immediately after extraction 
In addition, intradermal tests were performed for each patient with the scarlatinal 
streptococcus exotoxin, a scarlatinal streptococcus endotoxin (nucleoprotein frac- 
tion) and tuberculin in varying amounts When a hemolytic streptococcus was 
isolated from either the nose or the throat, a broth filtrate of the organism was 
prepared and injected mtradermally into the patient Histologic examinations 
were made of biopsy specimens of spontaneous nodes and of nodes due to the 
injection of tuberculin and streptococcus nucleoprotein 

The second method of approach was by means of an analysis of the records 
of one hundred and thirty-three patients treated for erythema nodosum at the 
Boston City Hospital from 1924 to 1934 

RESULTS OF CLINICAL OBSERVATIONS 

Evidence foi Ttibei culosis — As far as could be determined, in none 
of the cases was there a causal relationship between exposure to tuber- 
culosis and the development of er3dhema nodosum Repeated loent- 
genologic examinations of the lungs showed no tuberculous involvement 
of either the parenchyma or the hilar glands Mantoux tuberculin 
tests gave the following results one positive reaction with 0 001 mg , 
one with 0 005 mg , three with 0 01 mg and one with 0 1 mg In no 
instance did the injection of tuberculin result in a systemic reaction or 
the appearance of more nodes In two cases the tuberculin nodules 
were slightly tender but pinkish rather than red like the lesions of 
erythema nodosum Although the period of observation was less than 
a year for most of the patients, none showed evidence of tuberculosis 

The following case history illustrates the difficulty encountered 
m distinguishing between tuberculosis and acute rheumatic fever in a 
person with erythema nodosum 

R N , a 16 year old girl, first entered the hospital in June 1934 She had been 
treated for several years for bronchial asthma Ore week before entry she com- 
plained of headache and general malaise Five days later a painful eruption 
appeared on the anterior surface of the lower part of the legs which was typical 
of erythema nodosum Twenty-four hours before entry she had four severe nose- 
bleeds The cutaneous lesions on the legs gradually disappeared Soon after she 
entered the hospital phlyctenular conjunctivitis developed and subsided with local 
treatment Because erythema nodosum and phlyctenular conjunctivitis may be 
associated with tuberculosis, several roentgenograms of the chest were taken, but 
no lesions were observed The sedimentation rate was normal three weeks after 
her entry into the hospital, and she was discharged one week later She com- 
plained of twinges of pain in the joints on walking She was advised to limit 
her activities and did so 

Six months after her discharge she reentered the hospital because of chills, 
fever and migrating polyarthritis Two weeks later there were signs of fluid at 
the base of the left lung, and 8 cc of cloudy, pink fluid, having the characteristics 
of a transudate, was removed Guinea-pig inoculation with the fluid showed no 
ewdence of tuberculosis six weeks later The articular pain and fever subsided 
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while salicylates w^ere guen, and when the latter were omitted because of toxic 
pmptoms there w^as an exacerbation of the pain After the removal of fluid 
from the left pleural cavit 3 % repeated roentgenologic examinations of the pulmonary 
fields revealed no abnormalitj except slight deformity of the heart Electrocardio- 
grams also were wuthm normal limits The Mantoux tuberculin and streptococcus 
nucleoprotein cutaneous tests showed positive results While the patient was 
under obser\ation, the character of the heart sounds changed and was thought 
to be consistent wuth an early stage of endocarditis The pulse rate continued to 
be elevated The patient w'as discharged eleven w^eeks after entry, with the diag- 
nosis of an early stage of rheumatic endocarditis 

The patient immediately entered a sanatorium for patients convalescing from 
rheumatic fe\er, where she remained for five and a half months The sedimenta- 
tion rate of the erjthrocytes W'as persistently elevated The patient had intermit- 
tent mild attacks of arthritis There was no essential change m the cardiac signs 
She w'as discharged wnth the diagnosis of rheumatic fever (?) and potential rheu- 
matic heart disease 

The patient w^s free from symptoms at home for one month and then com- 
plained of pain in the left axillary region Examination of the chest showed 
signs consistent wnth fluid in the left pleural cavity It had the characteristics 
of a transudate Inoculation of guinea-pigs with the fluid has not given evidence 
of tuberculosis up to the present time The patient has presented no further 
evidence of rheumatic heart disease, and the effusion is considered as due to a 
tuberculous infection until proved otherwise Subsequentty, in guinea-pigs inocu- 
lated wuth the pleural fluid tubeiculosis developed Roentgenograms of the patient’s 
pulmonar}^ fields show'ed no parenchymatous lesions Since she had pleurisy with 
effusion on a tuberculous basis, she rvas sent to a sanatorium for tuberculous 
patients 

Evidence f 01 Sti eptococcus HaeniolyHcus — Erythema nodosum was 
preceded shortly by soie tin oat m five of the ten patients One patient 
had had erythema nodosum three jears previously after a severe sore 
throat Two patients had soie throats and painful joints Culture of 
material fiom the tin oat in foui cases revealed Str haemolyticus of 
the beta type One-hundredth milligiam of the streptococcus nucleo- 
protein fraction injected mtiadeimally gave marked reactions in eight 
of the ten patients The lesullmg lesions varied in size fioin 2 to 5 cm , 
were red and tender and could not be distinguished from the early 
lesions of erythema nodosum They appeared from twelve to twenty- 
four hours after the injection In two patients a systemic leaction 
followed the injection, with fevei and the appeaiance of seveial new 
lesions on the extremities 

In order to ascertain whether any local immunity to the endotoxin 
of the streptococcus had developed at the site of the lesion of erythema 
nodosum, 0 01 mg of streptococcus nucleopiotein was injected into a 
node three or foui days old A similar amount was injected into an 
area of normal skin The reaction m the node was much less than 
that in the skin The same proceduie was earned out by injecting 
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the same amount of nucleoprotem mto the lesion produced by a previous 
injection of nucleoprotem Again the reaction was much less than 
that of normal skin 

A filtrate of Str haemolyticus of the beta type from two patients 
was prepared by growing the organism isolated from the throat in 
ordinary broth for twenty-four hours It was then put through a 
Berkefeld filter, and saline dilutions were made of the filtrate One- 
tenth cubic centimeter of 1 100 and 1 10 dilutions and 0 1 cc of 
the undiluted filtiate were injected intradermally into each of the 
patients In one case there was no reaction with the diluted filtrates, 
but there was a slight reaction twenty-four hours later with the undi- 
luted filtrate The second patient showed an elevated erythematous 
reaction 2 cm in diameter with the 1 100 dilution and a reaction 4 or 
5 cm m diameter with the 1 10 dilution and the undiluted filtrate 
These lesions were very painful and were similar to the lesions of 
erythema nodosum on this patient’s extremities This patient was highly 
sensitive to both the exotoxm and the endotoxin of the streptococcus, 
and the attack of eiythema nodosum was the second one she had had 
in three years, each one having followed a severe sore throat Unfor- 
tunately, a Dick test was not performed The remainder of the patients 
all showed a negative reaction to the Dick test 

It is of interest that the morbidity rate for tuberculous and strep- 
tococcic infections is relatively high among the student nurses of the 
Boston City Hospital During the past two years there have been 
only two cases of erythema nodosum among six hundred nurses , these 
occurred in young women who had severe streptococcic infection of 
the throat The following case history is that of one of these nurses 

E V , a 21 year old student nurse, was first seen in December 1933, when she 
had a typical attack of tonsillitis Six months later she entered the hospital 
because of a herpetic lesion at the site of the exit of the right infra-orbital nerve 
Four weeks later she entered the hospital tor the third time, because of acute 
follicular tonsillitis She complained of pain along the right costal margin How- 
ever, repeated roentgenologic studies of the lungs revealed no abnormality Cul- 
tures of material from the throat revealed Str haemolyticus of the beta type 
Although she was asymptomatic in a week, her throat continued to show strepto- 
cocci for a month She was treated as a carrier and sent home One month after 
her discharge, cultures of material from the throat showed no streptococci with 
beta hemolysis She entered the hospital for the fourth time six months later She 
had had a sore throat two weeks before Four days before entry she had acute 
polyarthritis, and the following day the typical lesions of erythema nodosum 
appeared on the lower portion of the legs The patient responded well to sali- 
cylates The sedimentation rate was normal throughout the course of the illness 
Electrocardiograms were normal, and roentgenograms of the chest were within 
normal limits Culture of material from the throat showed Str haemolyticus of 
the beta type A Dick test showed a negative reaction Injection of 0 01 mg of 
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nucleoprotein intradermally resulted in a typical painful erythematous node at the 
site of the injection on the forearm, which could not be distinguished from the 
lesions on the leg An mtradermal injection of 0 05 mg of tuberculin gave a posi- 
tne reaction, but this was less severe and painful and pale pink 

The patient made an une^entful recovery, but tonsillectomv was performed 
SIX months before this article was written because of repeated attacks of tonsillitis 
She has been in good health since then 

OtlwJ Etiologic Factojs — Theie were three females with erythema 
nodosum who showed no etidence of piecedmg infection of the upper 
respirator}^ tiact or of tubeiculosis However, each patient stated that 
she had an “abscessed tooth’’ shortly before the eruption developed 

In one case painful nodules appeared shortly after the extraction of a tooth 
which showed evidence of infection about its roots In a second patient there 
was svelhng of the left side of the face, due to an infection about a molar tooth, 
fi\e dajs before the appearance of erythema nodosum Cutaneous tests with the 
streptococcus nucleoprotein and tuberculin showed a marked reaction to the former 
and a negatne reaction to the latter Roentgenograms of the teeth revealed peri- 
apical infection of the right second bicuspid and lower left first molar teeth These 
i\ere extracted, and cultures were made of material from the cavities and from 
the roots of the cystic teeth The only organism recovered was Staphylococcus 
albus In the third patient erythema nodosum developed after the patient had 
been in the hospital for three and a half weeks She had entered because of a 
fractured leg There were no other patients with erythema nodosum m the hospital 
at the time The patient vas not placed in isolation, and m no one attending her 
and in no other patient did erythema nodosum develop The patient showed 
marked local and sjstemic reactions to the mtradermal injection of streptococcus 
nucleoprotein The tuberculin test gaie a negative result 

HISTOLOGIC LX\MINAriON OF THE NODULES 

A nodule was excised fiom the lower portion of the leg of each 
of two patients with ei}thema nodosum, one having a streptococcic 
infection of the throat and the other an infection about the root of 
a tooth The lesions were four or five days old The tissues were 
fixed in Zenker’s solution and stained with eosin and methylene blue 
At the same time biopsy specimens from lesions in the same patients 
resulting from the mtradermal injection of streptococcus nucleoprotein 
were fixed and stained in the same manner These lesions were twenty- 
four hours old Microscopic examination of the two types of lesions 
showed them to be similar histologically The only distinguishing 
f eatui e between the two was that the twenty-four hour old artificial 
node showed evidence of an acute reaction, wheieas the reaction of the 
four day old lesion of eiythema nodosum was beginning to subside 
Figures 1 and 2 are low power photomicrographs of the twenty-four 
hour and four day lesions, respectively 

Microscopic examination of the four day lesion of erythema nodosum showed 
that the epidermis was intact There was focal infiltration of cells in the reticulum 
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of the derma which extended into the hypodermis There was edema of the col- 
lagen bundles in the derma The cellular infiltration in the hypodermis consisted 
mostly of lymphocytes, with a few polymorphonuclear leukocytes and raie eosino- 
phils The infiltration was perivascular, with the vessels dilated The area illus- 
trated in figure 1 was deep in the hypodermis, showing a destruction of collagenous 
and fibrous tissue, with polymorphonuclear leukocytes predominating Many of 
the latter cells had pyknotic nuclei 

Examination of the twenty-four hour node due to the injection of nucleoprotein 
showed that the epidermis was intact The focal cellular infiltration was more 



Fig 1 — Section of a cutaneous lesion from a patient with erythema nodosum 
twenty-four hours after the intradermal injection of streptococcus nucleoprotein, 
showing edema of the tissue and round cell infiltration, X 215 


extensive There was edema of the collagenous tissue Just under the epidermis 
was a longitudinal area of cellular infiltration with dilated vessels and also infil- 
tration with young fibroblasts The cells were mostly lymphocytes, with some 
polymorphonuclear leukocytes The areas of focal infiltration were perivascular, 
with some destruction of adjacent collagenous tissue Extending down the strands 
of reticulum into the subcutaneous fat tissue was considerable cellular infiltration 
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Figure 2 illustrates a section taken from within the derma, showing edema of 
collagenous tissue, dilated vessels and cellular infiltration, mostly of the lympho- 
cytic series 

A compaiatue histologic examination was made of excised lesions 
due to tubeiciilin injected intiadermally and streptococcus nucleoprotem 
obtained fiom an arthiitic patient without evidence of either tuberculosis 



or erythema nodosum The reaction m the tissues was essentially the 
same as that just desciibed 

Biiefly, then, the same type of cellular and tissue reactions was 
observed in the excised lesions of erythema nodosum as those resulting 
from the mtradennal injections of tuberculin and streptococcus 

nucleoprotem 
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ANALYSIS OF ONE HUNDRED AND THIRTY-THREE CASES OF 

ERYTHEMA NODOSUM 

Age Incidence — From 1924 to 1934, inclusive, one hundred and 
thirty-three patients -were treated at the Boston City Hospital for 
erythema nodosum There were one hundred and eleven females and 
twenty-two males Figure 3 shows that the highest incidence of the 
disease was in females between the ages of 20 and 29 years Before 
puberty the sex incidence was about evenly distributed, but after that 
there was a sharp increase m the number of females This sex and 
age distribution is in agreement with reports in the literatuie 

Seasonal Incidence — Figure 4 illustrates the seasonal incidence of 
the cases The greatest number of cases occuried in the eaily spiing. 



Fig 3 — Graph showing the age and sex incidence in one hundred and thirty- 
three cases of erythema nodosum 

the incidence reaching a low level in midsummer and gradually rising 
early in the fall Figure 4 shows data for the seasonal incidence of a 
known streptococcic infection, acute folhculai tonsillitis, of which theie 
were ninety-five cases, with Str haemolyticus of the beta type isolated 
from the throat in each case It is seen that the curve of this strepto- 
coccic infection closely approximates that of erythema nodosum Other 
streptococcic infections, such as scarlet fever and erysipelas, have the 
same seasonal incidence as tonsillitis This relationship is not offered 
as definite proof that erythema nodosum is a manifestation of a strep- 
tococcic infection, but it must be considered along with other data 
piesented in this study 




SPINK—ERYTHEMA NODOSUM 73 

Relationship to Sticptococcic Infections and Rheumatic Heait Dis- 
ease Erj^thema nodosum followed the exposure of several of the 
patients to stieptococcic infection in other members of their respective 
families Xheie neie foit^-one patients (30 8 per cent) who had ton- 
sillitis or acute phaiyngitis either before or duiing the eruption Fifty- 
fire patients (41 3 pei cent) complained of painful joints Twenty 
patients (15 per cent) had both a soie thioat and painful joints 
Because of the latter sjmptoms and the high incidence of rheumatic 
ferer m Nev England, that diagnosis was entertained in many of the 
cases A series of electiocardiograms was obtained for thirty patients 
Twentj, -seven revealed no abnoimahty there was a piolonged PR 
interval in tno, and one showed evidence of myocardial disease Six 
of the patients loith painful joints had definite clinical evidence of 
iheumatic valvnlai endocaiditis 



Fjg 4 — Graph showing the seasonal incidence in one hundred and thirty-three 
cases of erj'thema nodosum and ninety-five cases of acute follicular tonsillitis 

Considering the state of the heart in more detail, one notes that 
fifteen patients (11 2 per cent) had rheumatic heart disease Theie 
were five cases of initial stenosis, nine of initial stenosis and legurgi- 
tation and one of both mitial and aoitic stenosis and regurgitation 
There was one case each of congenital heart disease and hypertensive 
heart disease 

One patient entered the hospital with eiythema nodosum, Syden- 
ham’s chorea and mitral valvulitis Anothei patient had been sent to 
a sanatorium because tuberculosis was suspected Two months latei 
she entered the Boston City Hospital with erythema nodosum and early 
rheumatic mitral valvulitis There "was no evidence of tuberculosis 
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Relationship to Tnbei cnlosis — ^In only two instances was it recorded 
that erythema nodosum followed exposure to tuberculosis One patient 
had been married for nine months to a man with advanced tuberculosis 
She had an abortion three months after marriage No clinical or labora- 
tor}'^ evidence could be found for tuberculosis A second woman had 
been exposed to a sister with tuberculosis One examination of the 
sputum revealed tubercle bacilli, but eleven successive examinations, 
including a study of two concentrates, gave negative results Roent- 
genologic examination showed patchy density at the base of the left 
lung 

Intradermal tuberculin tests were made in only eleven cases In 
four there was a positive reaction and in seven a negative reaction 

Roentgenologic examination of the lungs was carried out in forty- 
eight cases, and the findings are summarized as follows 

Cases 


Lungs within normal limits 30 

Cloudy patch at base of left lung 2 

Bronchitic thickening 3 

Congestive cardiac changes 3 

Enlargement of hilar lymph nodes 3 

Old calcified tuberculosis of lungs 2 

Abscess in upper lobe of right lung 1 

Bronchiectasis 1 

Slight clouding of apex of left lung, “not enough for 
tuberculosis” 1 

Fine infiltration in the left side of chest (bronchopneumonia) 1 
Enlargement of thymus 1 


Befoie drawing any final conclusions as to the relationship between 
tuberculosis and erythema nodosum in this series of cases, it is desirable 
to consider the follow-up study This study was accomplished in part, 
as several of the patients had a recurrent attack and returned to the 
hospital for treatment A check-up of the remainder of the patients 
was impossible for there were no available records of their present 
addresses 

Rccwient Attacks of Eiythema Nodosum — There were eleven 
patients (8 3 per cent) who had had previous attacks of erythema 
nodosum from four weeks to fifteen years previously Roentgenologic 
studies revealed that only one of these patients showed any changes 
in the lungs (mottling at the apex of the left lung but “not enough for 
tuberculosis”) The sputum showed no acid-fast bacilli at several 
examinations Two of the patients had a double mitral lesion on a 
rheumatic basis, one having had erythema nodosum with articular pains 
seven years previously At that time there was no evidence of endo- 
carditis Four of the patients had had preceding infection of the upper 
respiratory tract, and one had had otitis media which required drainage 
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Othc} Etwlogic Foctois — In two cases erythema nodosum developed 
during comalescence fiom measles In thiee other cases there were 
cutaneous lesions in association with dental abscesses which required 
extiaction of teeth Of consideiable inteiest was a man who had gono- 
coccic septicemia and eij'^thema nodosum and who finally made a com- 
plete recoveiy ^ 

It appears, then, fiom our obseivations that streptococcic infections 
play a moie important lole in the etiology of eiythema nodosum than 
tubeiculosis Othei woikeis have not found this same association, and 
the}'’ hare emphasired lepeatedly that eiythema nodosum is a manifes- 
tation of tuberculosis In oidei to correlate our findings with those 
of othei s, the hteiature on the subject has been reviewed 

Since the tubeiculous oiigin of eiythema nodosum is the theoiy 
haring the most numerous adherents, it will be discussed first Accept- 
ance of this theoi}' IS based on the follorving observations 

1 The tubeicle bacillus has been observed microscopically in the 
excised lesions of ei 3 thema nodosum, and injection of these nodules 
into animals has caused tubeiculosis- An acid-fast bacillus has been 
isolated from the r enous blood of patients with erythema nodosum ® 

2 Definite clinical evidence of tuberculosis has been demonstiated 
m patients rvith eijtheina nodosum This has been observed especially 
in childien b) Einbeig ‘ and Wallgien^ in Srveden and by Dickey® 
and Hess and Beiinan ' in this country In Copenhagen erythema nodo- 
sum rvas found to occui almost as frequently as pleurisy m peisons 

1 This case rvas repotted in detail by Drs Henrr' J Bakst, J A Foley and 
M E Lamb (Gonorrheal Septicemia and Erythema Nodosum, Ann Int Med 
9.790, 1935) 

2 (a) Landouzy, L Lr} theme noueux et septicemies a bacdles de Kodi, 

Bull Acad de med, Pans 70 400, 1913 (b) Arena, A A Existence du Myo- 

bactenum tuberculosis dans les nodules de I’erytheme noueux, Compt rend Soc 
de biol 115 340, 1934 (c) Gutman, R A Un cas de erytheme noueux avec 

presence de bacdles de Koch dans le sang circulant, Pans med 21 416, 1917 

3 (a) Brian, O Untersuchungen uber die Aetiologie des Erythema nodo- 
sum, Deutsches Arch f khn Med 104 272, 1911 (b) Hildebrandt, W Zur 

Aetiologie des Erythema nodosum, Munchen med Wchnschr 54 310, 1907 

4 Ernberg, H Erythema nodosum and Tuberculosis, Am J Dis Child 
46.1297 (Dec) 1933, Erythema Nodosum, Nord med tidskr 4 230, 1932 

5 Wallgren, A Paratuberkulose Krankheitserscheinungen, m Engel, S, 
and von Pirquet, C Handbuch der Kindertuberkulose, Leipzig, Georg Thieme, 
1930, vol 1, p 809 , Tubercle Bacilli m Children with Erythema Nodosum Dem- 
onstration by Gastric Lavage, Am J Dis Quid 41 816 (April) 1931 

6 Dickey, L B Erythema Nodosum and Tuberculosis m Children, Am 

Rev Tuberc 26 614, 1932 „ , , r 

7 Hess, J H, and Berman, S L Erythema Nodosum in Childhood, M 

Clin North America 12 49, 1928 
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who were in contact with patients with pulmonary tuberculosis® 
Symes ® has observed that in persons with erythema nodosum an acute 
and fatal form of tuberculosis is peculiarly liable to develop within 
SIX months Tuberculous meningitis not infrequently follows an attack 
of erythema nodosum 

3 Careful follow-up studies over a period of years have shown 
that in an unusually high percentage of patients with erythema nodosum 
tuberculosis subsequently develops This is especiallj^ emphasized by 
Scandinavian workers 

4 In several instances erythema nodosum has appeared in epidemic 
form in families and among school children after exposure to infectious 
pulmonary tuberculosis 

5 It has been observed that a high percentage of patients with 
erythema nodosum show a negative reaction to tuberculin before the 
eruption but that the reaction often becomes positive during or shortly 
after the appearance of the cutaneous lesion A positive reaction to the 
tuberculin test in children with erythema nodosum has been considered 
significant Chaufford and Troisier injected tuberculin intradermally 

8 Holmes, E M Some Aspect of Dermatological Work in Denmark, Brit 
J Dermat 46 84, 1934 

9 Symes, J O Significance of Er^tbema Nodosum, Brit J Dermat 44 
181, 1932 

10 Foerster, O H The Association of Erythema Nodosum and Tuberculo- 
sis, J A M A 63 1266 (Oct 10) 1914 Stokes, J H Erythema Nodosum 
and Tuberculosis Report of a Case Terminating in Tuberculous Meningitis, with 
Necropsy, Arch Dermat & Syph 3 29 (Jan ) 1921 Meara, F S , and Goodndge, 
M The Relationship Between Erythema Nodosum and Tuberculosis, with the 
Report of a Case, Am J M Sc 143*393, 1912 Howe, J Duncan Erythema 
Nodosum and Tuberculous Meningitis, Brit M J 2 864, 1921 

11 (o) Giertsen, C Ninety-Three Cases of Erythema Nodosum, Acta med 

Scandinav 82 87, 1934 (&) Ustvedt, H J, and Johannessen, A S Frjrtheme 
noueux tuberculose ulteneure, ibid 80 262, 1933 (c) Engelsgaard, H d’U A , 

cited in Erythema Nodosum and Tuberculosis, Lancet 1 597, 1931 (d) Mogen- 

sen, E Reinvestigations in Erythema Nodosum, Acta med Scandinav 80 480, 
1933 (e) Forman, L , and Whitwell, G P B Preliminary Observations on 

Er 3 rthema Nodosum, Guy’s Hosp Rep 84 213, 1934 Arena 

12 Landau, A Multiple Cases of Erythema Nodosum in a Class of School 
Children, Arch Dis Childhood 7 77, 1932 Rotnes, P L Eine Familien- 
Endemie von Erythema nodosum, Dermat Ztschr 67 259, 1933 Brian 

13 Gamstedt, E Ueber die Tuberkulinempfindlichkeit bei Erythema nodosum 
vor der Eruption, Monatschr f Kinderh 59 111, 1933 Launnsich, A Eritema 
nodoso e tubercolosi, Pediatria 40 1309, 1932 Heimbeck, J , quoted from Giert- 
sen ^’■‘1 

14 Chaufford, A, and Troisier, J Frytheme noueux experimentale par injec- 
tion intradermique de tuberculine, Bull et mem Soc med d hop de Pans 27 7, 
1909 
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into a patient with ei 3 ''tlienia nodosum, and nodules developed winch 
could not be differentiated from the spontaneous nodules 

Ernberg has stated that the histologic appearance of an excised 
nodule of eiythema nodosum is the same as that of the nodule produced 
b)'’ injection of tuberculin into a patient who does not have eiythema 
nodosum He was able to produce an exacerbation of ei 3 ''thema 
nodosum in patients by the injection of tuberculin 

6 The blood picture of patients with erythema nodosum shows 
slight neutrophilic and eosinophilic leukoc 3 tosis and monocytosis, which 
Ho 3 ^er claimed resembles an anaphylactic leaction, possibly to pro- 
teins of the tubercle bacillus Moritz and Dora,’^” studying the local 
blood pictuie of the lesions of erythema nodosum and of nodules due 
to the injection of tubeiculm, found a prepondeiance of lymphocytes 
in both and concluded that the foimer lesion is due to an allergic reac- 
tion on a tuberculous basis 

7 Phtyctenular conjunctivitis is associated with tubeiculosis, and 
Nobecourt and Ducas and Foiman and Whitwell have emphasized 
the same association in erythema nodosum 

There is little doubt, then, that eiythema nodosum may be a mani- 
festation of tuberculosis The association appears to be more common 
m childien than in adults Perhaps the reason ve have observed a 
more frequent association with the streptococcus is that most of our 
patients have been adults We have observed the same histologic 
appearance in the nodule lesultmg fiom injections of streptococcus 
nucleoprotem and tuberculin as in the nodule of erythema nodosum 
Even if erythema nodosum is caused by the local activity of the tubercle 
bacilli, it would be unusual to find the organisms in excised nodules, 
since Rist and Rolland have shown that if tubercle bacilli are injected 
intradermalty into tuberculous guinea-pigs and the site of the injection 
is excised in twent 3 '’-four hours, it is difficult to find the organisms, as 
they are quickly destroyed by lysis 

A study of the problem of erythema nodosum similar to ours has 
been made by Colhs m London He gave cutaneous tests with the 

15 Ernberg, H Erythema nodosum Natur und Bedeutung, Jahrb f Km- 
derh 95 1, 1921 

16 Hoyer, W A Untersuchungen uber das Blutbild bei Erythema nodosum 
mit Hmbhck auf die Aetiologie, Acta med Scandmav 57 587, 1923 

17 Montz, D U , and Dora, A Das lokale Blutbild bei Erythema nodosum, 
Arch f Kmderh 104 65, 1935 

18 Nobecourt, P, and Ducas, P Lrytheme noueux et conj onctivite phlyctenu- 
laire, Presse med 42 1241, 1934 

19 Rist, E , and Rolland, J litude sur la reinfection tuberculeuse, Ann de 
med 2 13, 1914 

20 Colhs, W R F A New Conception of the Aetiology of Erjthema Nodo- 
sum, Quart J Med 1 141, 1932 
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nucleoprotein endotoxic fraction of Str haemolyticus, tuberculin and 
the toxin of the scarlatinal streptococcus In this manner he found 
that some patients reacted to the streptococcus product and not to 
tuberculin, and the reverse was true in anothei gioup He concluded 
that erythema nodosum is a type of hyperreactive response of the tis- 
sues to difierent bacterial allergens and that the allergens responsible 
for erythema nodosum in London are commonly tuberculin and hemo- 
lytic streptococcus endotoxin However, more recently, Colhs has 
stated that the streptococcic "types” of eiythema nodosum aie rare and 
that in the majority of cases m children the condition is tuberculous 
Pilot has observed erythema nodosum as a sequela of streptococcic 
sore throat He also isolated the organism and produced typical 
nodules m these patients by the intradermal injection of streptococcus 
filti ates Pilot and Davis have seen erythema nodosum occur in 
patients with septic sore throat due to Streptococcus epidemicus Gold- 
stein,^^ Stone and Shepheard have called attention to erythema 
nodosum in subjects with streptococcic sore throat Gaub stated that 
he had obtained the streptococcus from the blood stream of patients 
with erythema nodosum Traut has described a patient who showed 
unusual sensitivity to the streptococcus and who had repeated attacks 
of Henoch’s purpura and erythema nodosum 

Coghevina and Moritz stated the opinion that erythema nodo- 
sum may be a complication of scarlet fevei, while Slot^^ claimed to 
have obtained good results with scarlatina serum in the treatment of 
erythema nodosum 

21 Collis, W R F Erythema Nodosum Lancet 2 732, 1934 

22 pilot, I Focal Infection and Erythema Nodosum, JAMA 101 2145 
(Dec 30) 1933 

23 Pilot, I , and Davis, D J Sporadic Septic Sore Throat, JAMA 
97 1691 (Dec 5) 1931 

24 Goldstein, H I Erythema Multiforme and Erythema Nodosum with 
Streptococac Sore Throat, M J & Rec 134 266, 1931 

25 Stone, W R Erythema Nodosum Associated with Streptococcic Faucitis, 
New York M J 118 673, 1923 

26 Shepheard, E Septic Sore Throat Complicated by Erythema Nodosum, 
Bnt M J 1 902, 1926 

27 Gaub, W H Erythema Nodosum, JAMA 100 601 (Feb 25) 1933 

28 Traut, E F Hypersensitivity in Rheumatic Disease, M Clin North 
America 18 1237, 1935 

29 Coghevina, B Aetiologie des Erythema nodosum, Wien khn Wchnschr 
37 413, 1924 

30 M6ritz, D V Erythema nodosum und Scharlach, Arch f Kinderh 103 
227, 1934 

31 Slot, G Erythema Nodosum Treated with Antistreptococcal Serum, 
Lancet 2 600, 1934 
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Some ph3^sicians believe that eiythema nodosum is a link in the 
iheumatic syndiome Mackenzie®" was one of the first to point this 
out Moie recently, Holmes,®® Markson®"*^ and Claman ®® have observed 
endocaiditis developing in patients with erythema nodosum 

Of less impoitance is the theoiy that erythema nodosum is a specific 
infectious disease the etiologic agent of which is unknown Evidence 
in faA’’or of this is that the disease has a definite age and seasonal 
incidence, it is known to occur m epidemics and the clinical couise is 
one of an ordeily sequence of events®® Goldberg-Curth ®'^ stated as her 
belief that there is a true idiopathic and a symptomatic form of ery- 
thema nodosum She said that it may develop in the course of nearly 
eAery infectious disease and as a cutaneous reaction to toxic substances 
Foinaia®® stated that he did not think it necessary to have cutaneous 
lesions in the couise of the disease, this being the exception rathei 
than the lule To explain the lelationship to tuberculosis, he stated 
that cutaneous lesions appear m peisons who aie hyperalleigic — and 
this IS true of tubeiculous persons 

Besides the tubercle bacillus, other organisms have been cultuied 
fiom the lesions of erythema nodosum Rosenow ®® obtained an oigan- 
ism from seveial patients which he described as a diphtheroid bacillus 
closely resembling the streptococcus gioup Moon and Strauss^® have 
isolated an organism var}'ing greatly in morphology which they have 
named Corynebactei lum cutis-nodosae 

It IS our belief that evidence is in favor of the theoiy that erythema 
nodosum is the lesult of a nonspecific leaction to a variety of infectious 

32 Mackenzie, S On Erythema Nodosum, Especially Dealing with Its 
Connection with Rheumatism, Tr Clin Soc London 19 215, 1886 

33 Holmes, A H Erythema Nodosum, Lancet 2 784 1934 

34 Markson, A Antistreptococcal Serum for “Rheumatic” Affections, Bnt 
M J 1 129, 1935 

35 Claman, I A Erythema Nodosum A Link m a Rheumatic Syndrome, 
Am J Dis Child 48 1448 (Dec) 1934 

36 Symes, J O Erythema Nodosum An Acute Specific Fever, Bnt M J 
2 741, 1921 Comby, J firytheme noueux chez les enfants. Arch de med d’enf 
26 329, 1923 Woringer, P firytheme noueux familial, J de med de Pans 
42 241,' 1923 Lendon, A A Nodal Fever, London, Bailliere, Tindall & Cox, 
1905 

37 Goldberg-Curth, A Zur Pathogenese des Erythema nodosum, Monatschr 
f Kmderh 61 249, 1935 

38 Fornara, P Le probleme de I’erytheme noueux. Rev frang de pediat 
6 723, 1930 

39 Rosenow, E C The Etiology and Experimental Production of Erythema 
Nodosum, J Infect Dis 16 367, 1915 

40 Moon, V H, and Strauss, A Erythema Nodosum, Character and 
Etiology, Arch Dermat & Syph 26 78 (JubO 1932 
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or toxic agents Such a point of view has been expressed by Blumer 
and Josephsen^^“ 

Pilot and others have observed the development of erythema 
nodosum in patients with lymphogranuloma venereum Pilot produced 
a typical lesion of erythema nodosum in a patient with lymphogranu- 
loma venereum by the mtradermal injection of the Frei antigen 

Elwell presented an instructive case in which several attacks of 
erythema nodosum and an axillaiy abscess were related to infection 
about the teeth 

Erythema nodosum has been reported as occurring in the course 
of chronic menmgococcic septicemia/^ in syphilis/® after influenza^® 
and in association with ulcerative colitis 

The drugs that have been implicated as the cause of erythema 
nodosum are bromides and potassium iodide 

CONCLUSIONS 

Since a variety of toxic agents may be the cause of erythema 
nodosum, careful clinical observations are necessary in every case to 
determine the precipitating factor It may be a manifestation of tuber- 

41 Blumer, G The Febrile T>pes of Erythema Multiforme and Erythema 
Nodosum, New England J Med 195 515, 1926 

41a Josephsen, G Erythema Nodosum, Ugcsk f Iseger 95 423, 1933 

42 Amtman, L, and Pilot, I Lymphogranuloma Inguinale, Arch Dermat & 
Syph 26 868 (Nov ) 1932 Hellerstrom, S A Contribution to the Knowledge of 
Lymphogranuloma Inguinale, Acta dermat- venereol (supp ) 1 5, 1929 

43 Elwell, L B Erythema Nodosum and Focal Infection, Bnt M J 1 974, 
1935 

44 Montgomery, L C Chronic Meningococcal Septicemia, Canad M A J 
20 266, 1929 Master, A M Menmgococcemia with Endocarditis, J A M A 
96 164 (Jan 17) 1931 Netter, A Fievre intermittente par septicemie menin- 
gococcique, Bull et mem Soc med d hop de Pans 41 1018, 1917 Morgan, J 
H Chronic Meningococcus Septicemia, Bull Johns Hopkins Hosp 32 245, 1921 

45 Leviseur, F J Erythema Nodosum Syphiliticum (Mauriac’s Disease), J 
Cutan Dis 29 579, 1911 Stilhans, A W, and Senear, F E Erythema Nodo- 
sum Sj'philiticum, Arch Dermat & Syph 1 607 (May) 1920 Fischl, F 
Erythema nodosum lueticum , Spirochatenbefund und Histologic, Arch f Dermat 
u Syph 129 361, 1921 

46 Boganovitch, V Five Cases of Post-Influenzal Erythema Nodosum, 
Arch Dis Childhood 5 56, 1930 

47 Brooke, P A Erythema Nodosum-Like Lesions ^n Chronic Ulcerative 
Colitis, New England J Aled 209 233, 1933 Rankin, F W , Bargen, J A, and 
Buie, L A The Colon, Rectum and Anus, Philadelphia, W B Saunders Corn- 
pan}', 1932, p 238 

48 Weber, F P Ervthema Nodosum with Tuberculous Bacillaemia and 
Meningitis, Bnt J Child Dis 21 119, 1924 

49 Perrin, L Un cas d’erytheme noueux: du a I’lodure de potassium, 
Marseille-med 29 567, 1892 
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culosis It appeals from the literature that this association is more 
common m children Streptococcic infection, especially of the upper 
respiratoiy tract in adults, often precedes the eruption In our experi- 
ence this association has been more common than that of tuberculosis 
and erythema nodosum It may occur m patients with evidence of 
acute rheumatic fever Erythema nodosum sometimes appears to be 
related to infection about the roots of teeth There also appears to 
be a group of cases in which the causative agent cannot be elicited 
All persons with erythema nodosum should be followed carefully after 
recovery foi evidence of tuberculosis, endocarditis or a focus of infec- 
tion, for instance, around the roots of the teeth 

SUMMARY 

Ten patients with erythema nodosum were critically studied 
No evidence of tuberculosis was present, except m one patient 
The following data indicate a causal relationship between Str 
haemolyticus and erythema nodosum In five of the ten patients ery- 
thema nodosum was preceded by a sore throat, and cultures in four 
cases levealed Str haemolyticus of the beta type, intradermal injection 
of a streptococcus endotoxin (nucleoprotem) produced nodules similar 
to the lesions of erythema nodosum m eight of the ten patients , excised 
streptococcic nodules and the lesions of erythema nodosum revealed 
the same histologic appearance, similar lesions were produced by the 
injection of broth filtrates of streptococci isolated from two of the 
patients The same picture has been produced by the injection of 
tuberculin 

An analysis of the records of one hundred and thirty-three patients 
treated for erythema nodosum at the Boston City Hospital from 1924 
to 1934 revealed a similar causal relationship to streptococcic infections 
and, m addition, to rheumatic fever 

A geneial review of the literature is presented 

Erythema nodosum appears to be a nonspecific inflammatory reac- 
tion of the skin to a variety of bacterial, toxic and chemical agents 
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There are three well defined occlusive diseases of the arteries 
thrombo-angiitis obliterans, thrombo-arteriosclerosis obliterans and 
occlusion due to embolism In our experience 95 per cent of the cases 
of occlusive disease of the arteries are accounted for by these three 
diseases In the remaining 5 per cent are included a small number of 
unusual forms of obliterative arteritis, types which at present aie of 
greater pathologic than clinical interest aneurysm with thrombosis, 
cervical rib with thiombosis of the peripheral artery and an irregular 
form, present in a small numbei of cases, which for lack of a bettei 
term has been designated simple thrombosis ^ It was recognized that the 
last-mentioned group of diseases probably represented a clinical entity, 
but until a sufficient number of cases were observed, the pathologic 
picture was studied and the course of the disease was followed over a 
period of years it would be impossible to attempt to make an intelligent 
classification 

The following clinical description is fairly typical for this gioup of 
diseases The patient who has sudden occlusion of one of the larger 
arteries of the extremities is usually an active adult If thrombosis is 
massive and progressive, the usual signs of arterial insufficiency appear 
ulcers or frank gangrene In addition to the arteiial lesions, the super- 
ficial or deep veins may be thrombosed The process then may become 
stationary, with the development of an adequate collateral circulation, 
or It may become progressive, and the patient may lose an extremity 
Other vessels may become thrombosed in addition to those in the limbs, 
namely, the ceiebral, renal and coronaiy vessels Phenomena of infarc- 

Dr Brown of the Division of Medicine, the Mayo Clinic, died on Nov 28, 

1935 

1 Buerger, Leo The Circulatory Disturbances of the Extremities Including 
Gangrene, Vasomotor and Trophic Disorders, Philadelphia, W B Saunders 
Company, 1924 

2 Brown, G E , Allen, E V, and Mahorner, H R Thrombo- Angiitis 
Obliterans Clinical, Phjsiologic and Pathologic Studies, Philadelphia, W B 
Saunders Company, 1928 
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tioii may occur in the kidneys, lungs and spleen After a variable length 
of time and after complete subsidence of all symptoms a relapse may 
occur No primal y disease may be found to explain this thrombosing 
tendency Neither polycythaemia vera nor any blood dyscrasia is found 
to be present The pathologic changes in the vessels seem fairly char- 
acteristic and are of a bland, nonreactive form There is usually only 
a slight leaction in the wall of the vessel or none The pathologic 
picture does not in any respect lesemble the usually recognizable type 
There is no demonstrable disease in the tunics of the blood vessels, as 
thrombosis takes place in lobust and active subjects, which rules out 
the slowing of the blood flow in the aiteries as an etiologic factor The 
major pathologic process seems to involve the stability of the suspension 
of the blood platelets lather than disease of the blood vessels 

The fairly characteristic clinical couise in the fi\e cases which foim 
the basis of this leport and the finding of certain variations m the 
coagulating properties of the plasma associated with these episodes of 
thiombosis led us to believe that we were dealing wuth an entity 

METHOD OF STUDYING THE COAGULABILITY OF THE BLOOD 

The test for determining the coagulability of the blood is based on the 
abihtj of the oxalated plasma to clot on the addition of solution of calcium 
chloride This is the original test of Howell, termed the prothrombin test 
In two previous reports ^ a standardization of this test was reported on, and its 
interpretation and value w'ere discussed It was demonstrated that this test does 
not determine the prothrombin value but that it is a general test for the 
coagulability of the blood, consequently we have termed it a test for determining 
the coagulability of the plasma 

After venipuncture 4 5 cc of blood is withdrawn in a cleaned and slightly 
oiled syringe and added to 0 5 cc of a 1 per cent solution of potassium oxalate 
m a test tube The test tube is allowed to stand for a couple of hours, in order 
to obtain a relatively clean plasma after sufficient sedimentation of the erythrocytes 
has taken place With a capillary pipet 0 2 cc is removed from this plasma 
layer to a Wassermann test tube, which is placed in a water bath at a constant 
temperature of 37 5 C To this plasma is then added 0 2 cc of a 0 5 per cent 
solution of calcium chloride This addition will start the process of coagulation 
The point at which the test tube can be turned upside down without the loss 
of any of its contents is considered the end-point The time between the addi- 
tion of the solution of calcium chloride and the end-pomt, which is measured 
with a stop-watch, is considered the coagulation time of the plasma The average 
normal coagulation time is found to be two hundred seconds In order to obtain 
comparative values, we have preferred to express the results of studies of 
coagulability in the foim of an index, which is arrived at by dividing the average 
coagulation time of normal plasma by that of the patient’s plasma If the coagula- 
tion time of the patient’s plasma is prolonged in relation to the normal, the index 
will be less than 1 This is a typical finding in cases of hemophilia, in thrombo- 

3 Nygaard, K K Coagulability of Blood Plasma, Proc Staff Meet, Ma>o 
Clin 7 544-548 (Sept 21) 1932, Coagulability of Blood Plasma Remarks on 
the Technic of Its Determination, ibid 9 151-156 (March 7) 1934 
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cytopenic purpura and m jaundice m which there is a hemorrhagic tendency The 
index will be higher than the average normal index of 1 when the coagulation 
time of the plasma is shortened m relation to the average normal time 

REPORT OF CASES 

Case 1 — A man aged 27 of Scandinavian descent was admitted to the clinic 
on Feb 18, 1932 He had gonorrhea m 1923 but otherwise had been in good 
health until four days before his admission to the clinic For many years he had 
been smoking one package of cigarets daily There was no history of rheumatic 
fever or of symptoms of an early stage of heart disease 

On February 14, while walking down the street in the morning on his way 
to work, the patient was suddenly seized with extreme pain in both legs which 
caused him to fall to the ground Dry heat was applied, and his legs, which 
looked white and were cold, were massaged for two hours The left leg then 
regained its normal color, and he was able to move it normally The lower 
portion of the right leg, however, remained blanched, and there were episodes 
of severe pain and impairment of the motor function 

At the time of the patient’s admission to the hospital he weighed 155 pounds 
(70 4 Kg ) Ten months previously he had weighed 135 pounds (61 3 Kg ) The 
temperature in the morning ranged from 99 to 102 8 F , and the pulse rate 
ranged from 90 to 120 beats per minute The blood pressure in millimeters of 
mercury was 118 systolic and 78 diastolic The boundaries of the heart were 
found to be within normal limits The cardiac rate was regular, and the tones 
were found by auscultation to be normal 


Table 1 — PttlsaHons w Vanoits Aifenes m Case 


Artery 

Right 

Left 

Brachial 

4 

4 

Radial 

2(?) 

4 

Ulnar 

4 

4 

Femoral 

0+ 

4 

Popliteal 


4 

Dorsalis pedis 


0 

Posterior tihlal 


0 


* In the following tables 0 denotes no pulsation, and 4 denotes normal pulsation 


On examination of the lower extremities the left leg appeared normal and 
did not change m color on elevation or dependency There was a yellowish- 
appearing dry gangrene of the entire foot, and proximal to this was an area 
of gangrene of the first stage which reached up to the knee on the medial side, 
2 or 3 inches (from 5 to 7 6 cm ) higher than on the lateral side The pulsations 
in the various arteries are tabulated in table 1 

The patient looked sick and toxic At operation, which was not performed 
until seven days after the patient’s admission to the hospital and eleven days after 
the acute arterial occlusion, amputation was carried out at the junction of the 
middle and the lower third of the right leg The femoral artery was found 
to be filled with a soft clot, which dropped out easily 

Prior to operation the patient had a moderate degree of tachycardia while 
m the hospital After operation the temperature continued to vary between 99 
and 101 F for one week, rising on one occasion to 102 8 F in the evening of 
the fourth postoperative day After the first week the temperature subsided 
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somewhat and remained lower for two or two and a half weeks The tachycardia, 
however, continued after operation, the pulse rate varying between 120 and 130 
beats per minute At the end of the third week the pulse rate graduallj^ fell to 
between 80 and 100 beats per minute An electrocardiogram taken the daj 
before operation Avas essentially negative This preoperative tachycardia was 
explained on the basis of toxemia due to the gangrenous leg On the fourth 
day after operation pain developed, and a friction rub was heard over the entire 
precordial region An electrocardiogram taken the following day indicated 
complete bundle branch block on the left In two days the precordial pain 
disappeared, while the friction rub at the base still persisted for another day or 
two 

The patient felt fairlj'- well after the operation until the seventh postoperatwe 
day, Avhen he suffered an attack of pain m the left groin A diagnosis of thrombosis 
of the left femoral vein was made 

On the tAventy-eighth da} after operation the patient complained of sudden 
pain m the small of the back and m the region of the left kidney The first 
specimen of urine examined contained a large number of erythrocytes and a 
large amount of albumin The value for urea was 42 mg Hematuria lasted 
all the time the patient stayed m the hospital, ninety-nine days after operation 
For a few days following the onset of the pain m the renal region the specimens 
of urine contained a few granular and hyaline casts, which, however, later dis- 
appeared almost entirely The blood urea values did not at any time show 
marked changes On the forty-fourth postoperative day the phenolsulfonphthalem 
test indicated an excretion of only 35 per cent m two hours The value for 
serum sulfates varied betiA'^een 6 6 and 7 6 mg per hundred cubic centimeters It 
was evident that the patient Avas suffering from renal insufficiency, and appropriate 
treatment was given At no time did the obserA'ation of variations in the blood 
pressure indicate the presence of any hypertension Examinations of the ocular 
fundi revealed no abnormality 

On the thirty-seventh day after operation the patient complained of pain m 
the calf of the left leg A diagnosis of thrombosis of the short saphenous vein 
Avas made On the forty-ninth day pain developed m the region of the left 
elboAv, Avith all the evidence of thrombosis of the left basilic vein On the 
fifty-first postoperative day a diagnosis AA^as made of thrombosis of the right 
basilic vein and thrombosis of the superficial A^ein of the inner portion of the left 
thigh The folloAving day pain developed m the left popliteal region, Avith 
induration and tenderness of the popliteal vein 

Three days later, on the fifty-fifth postoperative day, there AAas thrombosis 
of a superficial vein in the abdominal wall in the right loAver quadrant After 
the sixty-first day there Avas extension of the thrombotic process in the basilic 
A^eins on both sides, both in a proximal and in a distal direction During these 
episodes of thrombosis there had been practically no rise in the body temperature 
and little if any local inflammatory reaction 

During the following tAvo or three weeks there still Avere signs of small 
recurrent migrating regions of thrombosis in the superficial veins, especially 
of the arms At this time there was a marked improA^ement in the patient’s general 
condition An investigation of the urinary tract AA^as undertaken in order to 
determine the source of the hematuria A pyelogram revealed that the right 
and left calices, pelves and ureters were normal The source of the microscopic 
hematuria could not be ascertained The patient left the hospital on June 1, 
ninety-nine days after amputation of the right leg 



86 


ARCHIVES OF INTERNAL MEDICINE 


The patient returned for another examination on September 1 of the same 
3 ear Although he had not been doing any -work, he had been feeling well since his 
dismissal from the hospital There had been no recurrence of thrombosis The 
results of examination of the arteries at this time are given in table 2 


Table 2 — Pulsahons m Vmious Aitcrtes m Case 1 at the Second Examination 


Artery 

Eight 

Left 

Brachial 

4 

4 

Ulnar 

4 

4 

Badial 

2 

4 

Bemoral 

0 

4 

Popliteal 


4 

Dorsalis pedis 


2 

Posterior tibial 


0 


Table 3 — Pulsations m Vat tons Aiieties m Case 1 at the Thud Examination 


Artery 

Eight 

Left 

Brachial 

4 

4 

Ulnar 

4 

4 

Eadial 

2 

4 

Pemoral 

0 

4 

Popliteal 


4 

Dorsalis pedis 


2 

Posterior tibial 


3 


Table 4 — Coagidabihiy of the Plasma and the Platelet Counts in Case 1 


Date 

Index of 
Coagula 
bility* 

Platelets 
per Cu Mm 
of Blood 

Comment 

12/13/32 

12/27/32 

12/28/32 

14 

875,000 

Acute occlusion of second, third and fourth fingers 
of left hand, thrombosis of right basilic vein 
Admitted to clinic 

1/ 4/33 

09 

357,000 


1/ 9/33 

08 

352,000 


8/23/33 

8/28/33 

06 

280,000 

Second admission, large ulcer due to stasis 

2/ 1/34 

3/ 5/34 

12 

475,000 

Eecurrent occlusion of first toe on left foot 

9/28/34 
10/ 3/34 
10/ 4/34 

1 4 

325,000 

Occlusion of fourth finger of left hand 

Occlusion of first toe of each foot 

10/ 9/34 

1 1 

419,000 


10/19/34 

09 

355,000 


10/26/34 

09 

350,000 


10/30/34 

11/16/84 

12 

312,500 

Pourth finger of left hand and first toe of each foot 
amputated 

11/10/34 

08 

365,000 



* The average index value for normal subjects is 1 


On April 28, 1933, the patient returned for a third examination There were 
no complaints There had been no recurrence cf thrombosis Results of the 
examination of the pulsation of the arteries at this time are given in table 3 
This examination indicated definite improvement m the circulation of the left 
leg 

At this time there was persistent hematuria A combined intravenous phenol- 
sulfonphthalein test revealed a return m two hours of 65 per cent The general 
examination otherwise did not reveal anything of significance 
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A letter was received from the patient’s sister stating that he had died on 
March 1, 1934, at a hospital in the South, where he had gone to spend the 
winter It was later found that he died of pulmonary embolism 

Comment —One thing is obvious in this case— the condition is to be 
classified as belonging to the group of organic obliterative diseases of 
the aiteiies Arterioscleiosis is ruled out because of the age of the 
patient, the clinical examination and the microscopic examination of 
the aiteiies from the amputated leg (fig 1), which did not reveal 
degenerative changes in the aiterial wall The patient belonged to the 
age group chaiacteristic of thrombo-angiitis obliterans Against a 
diagnosis of thiombo-angiitis obliterans, however, was the patient’s 



Fig 1 (case 1) — Part of the right femoral artery, showing little cellular 
reaction in the media and adventitia The thrombus occluding the vessel is of 
the bland, nonorgamzed type 

history before the onset of the disease Theie was nothing in this 
history to indicate that he had evei had any subjective oi objective 
'Symptoms of arterial insufficiency before the acute onset of the disease 
There had been no signs of superficial phlebitis Micioscopic examina- 
tion of the resected vein (fig 2) did not show the inflammatory changes 
characteristic of lesions of the veins in thrombo-angiitis obliterans 
The most difficult problem m this case was the question of the nature 
of the acute occlusion of the femoial arteiy One could assume that an 
embolus or thrombus in the bifurcation of the iliac aiteiies struck with- 
out warning at the time of the acute onset, and it is possible also that 
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the tempoiai> absence of pulsation m the arteries of the left leg was due 
to spasm At the time of the patient’s admission to the hospital it was 
difficult to see how the heart could have been the source of the embolus , 
so far as could be made out at that time no demonstrable pathologic 
change was present in the heart, and the pievious histoiy did not 
indicate any trace of the presence of a caidiac lesion The onset of 
acute pericaiditis four days after amputation, with persistent tachycardia 
before as well as three weeks after amputation, suggested the presence 
of some obscure cardiac lesion One suggestion was localized myocardial 
infarction, with mural thrombosis and subsequent peiicarditis over 



Fig 2 (case 1) — A thrombosed superficial vein from the abdominal wall 


this lesion This, however, is purely a conjecture and a dubious one, 
because of the absence of any subjective cardiac symptoms before the 
acute arterial occlusion of the leg 

At the time of the patient’s admission to the hospital the embolic 
nature of the occlusion was questioned, for the reason that the pain 
which he suffered did not seem to be of the extremely severe nature 
seen in typical cases of acute embolic arterial occlusion Therefore the 
possibility was discussed that the patient might have had a thrombus 
form in situ, which had led to acute arterial occlusion It is difficult to 
belie\e that in a large arterj'-, with no injury to the wall of the vessel 
and a rapid flow of blood, there is much chance for a thrombus to 
form, and ve readily admit that such a hypothesis in this case must be 
advanced with reservations Irrespective of the stand one takes as to 
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the cause of the oiigmal occlusion, one is impressed with the fact that 
theie was a marked tendency towaid thiombosis of the veins m this 
case, which was evidenced by the development of seven active stages 
of thiombosis in addition to seveial small migrating legions of thrombo§is 
m the veins This patient, theiefore, appeared to have had a tendency 
towaid thiombosis, and micioscopic study of a specimen lemoved fiom 
the thrombosed vein for biopsy did not disclose an inflammatoiy con- 
dition that could be thought to be responsible for such a tendency 
These clinical and pathologic investigations weie supplemented by 
studies of the protein content of the serum and of the coagulability 
of the blood plasma (fig 3) The figuie indicates that while the patient 



Fig 3 (case 1) —Graph showing the variability of the plasma coagulability 
during thrombosing episodes 


lemamed m the hospital there were two periods during which there 
was demonstrated a high degiee of coagulability of the blood plasma 
and that the active phases of the foimation of thrombi faiily accurately 
coincided with these two periods of a high degree of coagulability 
Searching for a more definite quantitative change in the blood, it 
was found, as is indicated by the figure, that aftei the first day in the 
hospital the patient had an almost constant inverse albumm-globulin 
ratio The distribution of the serum pioteins was in favor of the less 
stable proteins, mainly the globulm-fibrmogen fraction It is too early 
to debate the etiology and the consequences of these quantitative and 
qualitative changes m the blood The impression, however, remains that 
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this was a case m which the most outstanding clinical pictuie was one 
of vascular thrombosis m microscopically normal vessels and, further, 
that this was a case in which changes in the coagulability of the blood 
plasma and m the distribution of the serum proteins seemed to coincide 
with periods of active thrombus formation 

Case 2 — A hardware merchant aged 49, of English and Scotch descent, was 
first admitted to the clinic m February 1925 He had been in the habit of 
smoking three or four cigars a day At the age of 21 he contracted gonorrhea, 
which was complicated by swelling, pam and stiffness of both knees and ankles 
of seven weeks’ duration Four years later he had recurrence of the pain, 
redness and swelling of both knees and of the joints of both feet After that 
he had repeated attacks of arthritis The diagnosis at this time was chronic 
infectious arthritis of both knees, both ankles and the metatarsophalangeal joints 

The patient returned to the clinic in December 1932 In September of that 
year he had slight pain in the calf of the left leg for a few days In the latter 
part of October he was seized with severe pain in the left flank, followed after 
a short while by frequent and urgent urination, with passage ot bloody urine, 
and by frequent stools Gross hematuria lasted for three days and then cleared 
up gradually and never returned On November 8 the patient noted pain and 
swelling of the third finger of the right hand, associated with swelling of the 
back of the hand The finger was cold This condition lasted for about a week 

On December 13 the patient noticed that the index and second and third 
fingers of the left had were bluish, they later turned white, and a high swelling 
developed on the dorsum of the left hand This swelling gradually disappeared, 
and the fingers regained their normal color in the course of a week The skin, 
however, turned black over an area the size of a half-dollar, situated on the 
dorsum of the second metacarpophalangeal joint This incident was accompanied 
with severe chilling sensations on the first day, but fever was not present At 
the same time the patient noted the onset of tenderness along the right basilic 
vein, which extended up to the right shoulder, with some redness along the vein 

On admission to the hospital in December 1932 the patient weighed 160 
pounds (72 6 Kg), as compared with his normal weight, 173 pounds (785 Kg) 
He felt fairly well The blood pressure in millimeters of mercury was 130 
systolic and 70 diastolic , the pulse rate was 80 beats per minute, and the tempera- 
ture was 98 F 

On physical examination there was no detectable pathologic change in the 
lungs or heart The extremities gave evidence of the same arthritic changes 
as on the first examination in 1925 In addition, there was a necrotic area of 
skin over the base of the left index finger There was also subsiding thrombosis 
of the right basilic vein All the palpable vessels were found to be open Examina- 
tion of the eyes show'ed normal fields, with the media clear The fundus of the 
right eye w'as normal, in the left ej^e there was resolving thrombosis of the 
central veins and artery, especially the temporal branches 

The blood was normal Cultures did not yield any bacterial growth after 
forty-eight hours Flocculation tests gave negative results Roentgenograms of 
the left forearm and hand were negative A simple roentgenogram of the 
kidnejs, ureters and bladder did not reveal am shadows indicatne of stone 
m tlie urinarj tract After a few dajs m the hospital, with local treatment of 
the necrotic area of the skin of the left hand, the patient went home 
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The patient returned on Aug 23, 1933 The condition of his hands had 
gradually improved One morning in February he noticed pain in the left calf 
The next day some brownish black blisters appeared over the anterior medial 
surface of the left leg above the ankle and resulted in the formation of an ulcer, 
which persisted up to the time of his third admission to the clinic During each 
day swelling developed around the left ankle, extending up to the knee, but he 
continued his work and was on his feet every day No definite varicosities 
of the veins could be seen, except one small one above the left knee A diagnosis 
was made of ulcer due to stasis secondary to thrombophlebitis The patient was 
put to bed, and the edematous fluid was drained off by elevation of the limb 
A skin graft was performed on September 11 After this the wound healed nicely, 
and the patient was dismissed on October 2 

In December 1933 the patient suddenly noted severe pain and cyanosis in 
the first toe of the left foot The pain lasted for four or five hours, and then 
the condition cleared up completely On Feb 1, 1934, a sudden pain was noted 
in the same toe, but it cleared up in two days 

The patient returned to the clinic on March 5 All the arteries of the 
extremities pulsated normally The fundus of the right eye appeared normal, 
in the left ej'^e it was evident that collateral circulation had been established 
following thrombosis of the central retinal vein The inferior temporal vein had 
remained occluded, together with the accompanying artery There was some 
scarring along the superior temporal vein and artery, and a small residual hemor- 
rhage was seen posteriorly, in the macular region 

Aside from these findings, physical examination at this time did not reveal 
anything different from what had been found at the previous examinations The 
coagulability of the plasma and the number of platelets indicated conditions within 
normal limits After a short period of hospitalization the patient was dismissed 
with a sponge compression over the ulcerated area and a heavy rubber bandage 

His general condition after leaving the clinic apparently was satisfactory until 
September 1934, when there was sudden and rather severe pain and coldness 
in the fourth finger of the lett hand, followed by a bluish discoloration that 
gradually involved the whole finger and nail Marked swelling of the entire 
hand also occurred On November 3 the nail on the fourth finger came off, 
there was a gradual development of gangrene, and blebs formed on the finger, with 
sloughing of the skin, leaving a denuded finger A few days after this episode 
of acute occlusion m the hand the patient's feet felt cold, and he felt a hot 
burning pain in both large toes These toes were completely blue and somewhat 
swollen The patient reentered the clinic a few hours later He had had at 
different times during the previous nine months three or four similar episodes, 
without any resultant ulceration 

On examination at this time the patient was found to be afebrile, a condition 
in which he remained throughout his stay in the hospital The blood pressure was 
normal Physical examination showed that the heart was normal The entire 
fourth finger of the left hand was in a stage of dry gangrene (fig 4 A) Large 
bluish blisters covered most of each big toe (fig 4B), which appeared to be m a 
stage of gangrene The feet felt very warm to the touch, whereas the toes 
felt only moderately warm All the palpable arteries in the feet and hands were 
open 

The leukocytes numbered 5,300 per cubic millimeter of blood The differential 
count was normal The total serum protein content was 4 71 Gm per hundred 
cubic centimeters, the albumin fraction 18 Gm , giving an albumin-globulin 
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ratio of 1 16 Flocculation tests were negative The first specimen of urine 
revealed a few erythrocytes and pus cells (grade 3) The hematuria remained 
unchanged during the patient’s stay m the hospital Studies of the plasma on 
his first day in the hospital showed a platelet count of 325,000 per cubic millimeter, 
with an index of coagulability of 1 3 ’ 

The general condition of the patient was good There was no systemic reaction 
or toxemia, and there was almost complete absence of pain On October 26 ampu- 
tation of both big toes and the fourth finger of the left hand was performed 
under local anesthesia 

Comment — The patient had had chionic infectious arthritis, which 
was completely inactive, leaving lesidual impairment of the joints With 
this exception he was in excellent health The question aiises whether 
this arthritis could stand in any causal relationship to the recurrent 
episodes of thrombosis The evidence is against this, howevei, first, 
because disease of the blood vessels is not observed in the course of 



Fig 4 (case 2) — A shows the left hand and B, the feet at the time of the 
patient’s admission to the clinic 

arthritis, and, second, because too long an interval elapsed between 
the active period of arthritis and the onset of the thrombosing disease 
The absence of clinical evidence of arteriosclerosis, supported by the 
fact that degenerative changes were not observed in the involved vessels, 
excluded arteriosclerosis as the etiologic factor m this case 

In about 5 per cent of cases of thrombo-angiitis obliterans occlusion 
of thb digital arteries is observed, with normal pulsation of the arteries 
of the wrist and foot Against the diagnosis of thrombo-angiitis 
obliterans in this case, therefore, was the widespread nature of the 
tliromboses, the process including the retinal arteries and veins, and the 
nonreactive nature of the phlebitis and the arteritis, as observed clinically 
The microscopic picture of the vascular lesions of the digital arteries and 
veins did not resemble in any respect the inflammatory changes seen 
in cases of thrombo-angiitis obliterans 
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The nondemonstration of an)^ souice of an embolus, the long' period 
of obser'vation and the identical situation of thrombi in the consecutive 
episodes of occlusion do not favor the diagnosis of a condition of 
embolic origin The pertinent facts m this case were episodes of arterial 
and venous thrombosis involving the left shoit saphenous vein, the 
arteries of the fingers and toes, the light basilic vein and the central 
retinal artery and vein and possibly renal infarction also The impres- 
sion IS strong that this process was on the basis of a recurring thrombosis 
not attributable to disease of the blood vessels 

As will be seen in table 4, studies of the coagulability of the plasma 
and the platelets gave evidence of a moderately inci eased coagulability 
on two occasions, namety, fifteen days after the episode of arterial 
occlusion and thrombosis of the vein in December 1932 and on the day 
after occlusion of the aiteries of both great toes (Oct 3, 1934) Only 
during the first episode was a high platelet count encountered In table 4 
IS given also the date of the episodes of thiombosis These studies 
reveal some correlation between the episodes of thrombosis and the 
changes in the coagulating properties of the plasma There was a cyclic 
behavior in the coagulability of the plasma, periods of rapid coagulation 
being followed by a return to normal or to subnormal levels 

Case 3 — A barber, an American Jew aged 47, was admitted to the clinic on 
Aug 29, 1932 For several years he had been a heavy smoker (from twenty to 
forty-five cigarets a day) Until 1928 he had enjoyed excellent health, from 
that time, however, his feet and legs had begun to tire easily when he walked 
around m the barber shop At no time, however, had he suffered pain or claudica- 
tion, and he had not had superficial phlebitis This tiredness of his legs and 
feet had progressed slowly In 1930 his toes had become red and had burned 
and pained, usually at night These sensations had been partially relieved by 
immersion of the feet in cold water Relief had not been obtained on elevation 
of the feet Various kinds of weather had not affected these sensations 

In November 1931 the patient accidentally injured the small toe of the left 
foot, sustaining an abrasion, which had not healed His local physician diagnosed 
the condition as thrombo-angiitis obliterans After five injections of typhoid 
vaccine the ulcer on the toe healed On April 23 the patient was suddenly taken 
ill with severe abdominal cramps associated with fever, nausea and vomiting 
This condition lasted for eight hours, whereupon the patient was taken to a 
local hospital, where an exploratory operation was performed He was then 
informed that he had acute pancreatitis and that the capsule of the pancreas 
had been split The postoperative course was uneventful, and the patient was dis- 
missed m good condition His feet, however, continued to bother him About 
Aug 1, 1932, a small blister developed on the small toe of the right foot, followed 
by a nonhealing superficial ulcer A dependent position of the foot had given the 
most relief 

When the patient was admitted to the clinic his temperature was 98 8 F, 
and he remained afebrile during his stay in the hospital The pulse rate and 
the blood pressure were normal The fourth toe of the left foot was m a pre- 
gangrenous stage, and there was also a superficial pregangrenous area at the 
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base of the small toe of the right foot There was mild rubor of the toes on 
dependency and mild blanching on elevation There were no clinical signs of 
arteriosclerosis All the palpable arteries were pulsating Examination of the 
eyes and fundi revealed an essentially normal condition Neurologic examination 
gave essentially negative results 

The most significant finding in this case, besides the condition of the toes, 
was a sharp increase in the platelet count and in the volume and coagulability 
of the plasma The hemoglobin content of the blood was 152 Gm per hundred 
cubic centimeters, the erythrocytes numbered 4,520,000 and the leukocytes 17,800 
per cubic millimeter The reticulocytes amounted to 1 per cent, the differential 
count was essentially normal, and examination of blood smears revealed leukocytes 
that had undergone moderate toxic changes The platelet count was 2,480,000 
per cubic millimeter on Aug 31, 1932, and at the same time the platelet volume 
was 2 21 per cent, as compared to a normal value of approximately 0 4 per cent, 
according to the Van Allen method This determination was repeated the next 
day for purposes of establishing a control, an average of two observations showing 
a platelet count of 2,450,000 Urinalysis revealed no abnormality The index of 
coagulability of the plasma was 1 5 

Amputation of the fourth toe of the left foot was advised, but the patient 
refused operation After a few days of medical treatment he was dismissed 
and advised to continue treatment at home We were m communication with 
his local physician for two years, and the last we heard was that the patient was 
doing well and was working every day 

Comment — ^The original diagnosis in this case was thrombo-angiitis 
obliterans There were noi inal pulsations in the usually palpable arteries 
The marked thrombocytosis and disturbance in coagulability, however, 
necessitated further consideration, as these changes have never been 
observed in a large senes of cases of thrombo-angntis obliterans and 
arteriosclerosis obliteians The clinical symptoms and signs in this 
case, when viewed critically, were not entirely characteristic of those 
of thrombo-angiitis obliterans The prethrombotic symptom of fatigue 
of the feet when standing Was not that of claudication, nor was the 
burning distress of the feet, with an increase in the local temperature, 
a symptom of thrombo-angiitis obliterans 

There were several episodes of thrombosis of the digital arteries 
of the feet during a period of nine months There was no evidence of 
phlebitis, and the major arteries did not become occluded within two 
years The provisional diagnosis of thrombo-angntis obliterans of an 
irregular type therefore was made Embolism could be ruled out on the 
basis of the findings and subsequent course As the platelet count was 
enormously high and there was an increase in the coagulability of the 
blood plasma, however, considering that there are similar clinical and 
hematologic findings m other irregular types of arterial occlusive disease, 
it seems warranted to include this case in the group of cases of 
thrombosing disease, in spite of the fact that it was not possible to study 
the invoked arteries microscopically 
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It IS unfortunate that we have not had an opportunity to examine this 
patient again and have not been able to obtain information concerning 
the present condition of his blood Such an examination would shov 
whether the thiombocytosis found at the time of his visit to the clinic 
in 1932 was still persisting There is the possibility that this patient 
had that raie form of leukemia called thrombocythemia, in which only 
the thrombocytopoietic apparatus undergoes proliferative changes, lead- 
ing to an enoimous outpouring of thrombocytes If this was the 
case, the arterial disease should lie considered as secondary to the disease 
of the blood Without wishing to stress this part of the discussion, 
however, it seems reasonable to consider the problem from a different 
angle In Apiil 1932 the patient had an attack of severe abdominal 
pain, for which an emergency operation was undertaken the same day 
The surgical diagnosis was that of acute pancreatitis In August of 
the same year, when he was examined at the clinic, the thrombocyte 
count was so high as to lead one to believe that splenectomy had been 
performed, an assumption which, of course, was not m accord with the 
facts The question then remained whether the patient did not suffer 
from “functional splenectomy ” In other words, had thrombosis of 
the splenic artery or vein taken place at the time of the onset of the 
acute abdominal disease, and if so had this thrombosis extended also 
into the arteries of pait of the panel eas, thereby cutting off part of 
its blood supply and consequently resulting in acute pancreatitis 

These of course are only conjectures which will remain unanswered 
In a consideration of the whole clinical picture of this disease, however, 
such possibilities are of more than pure academic interest They open 
up the way for the assumption that in this case the acute pancreatitis 
and the pregangrenous condition of the toes may be regarded as of the 
same pathogenesis as the arterial occlusion The pancreatitis and condi- 
tion of the toes will consequently have to be considered as two clinically 
different, but pathogenically identical, pictures of the same disease 

Case 4— A rural mail earner aged 53, a gentile, was in good health until 
February 1932, when while trying to close a garage door he felt sudden numbness 
and severe pain in his left hand This hand turned white and felt paralyzed In the 
course of two weeks the color of the hand returned to normal 

In January 1933, while the patient was walking, the left foot suddenly became 
weak and cold, with severe pain and numbness After approximately twenty-four 
hours the foot regained its normal appearance For about six months, however, 
there was persistent though moderate pain in the left big toe, especially on 
walking On April 15, while resting, the patient suddenly became extremely 
dizzy and immediately afterward vomited With assistance he was able to walk 
to his bed, where he stayed for eight weeks Any attempt at sitting up in the 
first SIX weeks was followed by dizziness and by a tendency to fall to one side 
After the acute attack he had diplopia and dimness of vision and for some time 
had difficulty in swallowing He was not able to sneeze or cough These con- 
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ditions, however, gradually cleared up For one month after the onset he 
was insensitive to heat and cold over the right side of the body and over the 
left side of the face After eight weeks in bed he got up and gradually recovered 

In the latter part of June 1933, three weeks before his admission to the 
clinic, the patient was walking a few steps when his right foot suddenly 
became numb and turned white and cold Gangrene of the right foot developed 
At no time was there intermittent claudication, superficial phlebitis or ulcer 
formation in the extremities 

On admission to the clinic on July 20, 1933, the patient was found to be in 
good general condition, he had no fever, and his blood pressure was normal He 
remained afebrile the three days he stayed in the hospital before an operation 
was performed The left eye was held slightly closed, although there appeared to 
be no actual ptosis The pupils were equal and reacted to light and in accommoda- 
tion There was a marked hoarseness owing to fixation of the left vocal cord 
There was dry gangrene of the entire right foot The left foot showed a moderate 
degree of pallor on elevation and a slight degree of rubor on dependency A 


Table S — Pulsations m Arteues m Case 4 


Artery 

Right 

Left 

Brachial 

4 

0 

Radial 

4 

0 

Ulnar 

4 

0 

Femoral 

4 

4 

Popliteal 

0 

4 

Posterior tibial 

0 

0 

Dorsalis pedis 

0 

0 


Table 6 — Coagulabthty of the Blood tn Case 4 


Date 

Index of Coagulability 

Platelets, per 

Cu Mm 

Platelet Volume, 
Co per 100 Cc 
of Blood 

7/21/23 

1 7 

380 000 

0 43 

7/26/33 

1 7 

337,500 

0 40 

8/ 7/33 

1 4 

415,000 

0 45 


similar postural change in color was found to be present in the left hand, indi- 
cating an insufficiency in the arterial blood supply, the extension of which was 
easily determined by examining pulsations of the palpable arteries (table 5) 

The routine laboratory examinations did not reveal anything of essential 
importance The total serum protein content was 6 1 Gm per hundred cubic 
centimeters, with an albumin-globulin ratio of 1 44 1 The index of coagulability 
of the plasma on the day of the patient’s admission to the clinic was found to be 
1 7, as compared with the average normal index of 1, indicating a marked increase 
in the coagulability of the blood The platelet count was normal (380,000 per 
cubic millimeter), with a platelet volume within the normal range (0 43 cc per 
hundred cubic centimeters of blood) A study of the coagulability of the blood 
during the patient’s stay in the hospital is given in table 6 An electrocardiographic 
tracing indicated a normal condition of the conductive system of the heart 

After the patient had been in the hospital for three days, amputation of the 
extremity through the lower part of the right femur was performed The 
postoperative course was uneventful, and the patient was dismissed on the 
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fifteenth day after amputation Letters from his local ph 3 '’sician indicate that he is 
doing satisfactorily There has been no further episode of arterial occlusion 
Microscopic examination of the occluded artery removed at the time of opera- 
tion revealed some interesting features, as may be seen in figure SA and B 
The absence of degenerative processes in this artery argues against a diagnosis 
of arterial occlusion as the basis of a local process of arteriosclerosis This 
artery was occluded by a nonorganized thrombus, and the arterial wall showed 
no inflammatory reaction There was no periarterial inflammation We must con- 
clude from the microscopic observation that this process was different from 
thrombo-angiitis obliterans or from arteriosclerosis 



Fig 5 (case 4) —The mam artery from the amputated right leg The vessel 
IS completely occluded by a cellular nonorganized clot There is no cellular reac- 
tion in the vessel, except for slight infiltration of the adv^entitia A, X 15, 
B, X 65 

Coimnent — There can be but little doubt as to the diagnosis in this 
case Within eighteen months the patient had foui acute arterial occlu- 
sions, the first one involving the arteries of the left hand, the second 
involving the arteries of the left foot, a third involving an arterv of the 
cential nervous system (left inferior cerebellar artery^) and a fourth 
involving the arteries of the right foot, which led to gangrene neces- 
sitating amputation 
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As to the clinical diagnosis in this case, again the condition is one 
of the irregular forms of obliterative disease of the arteries The patient 
belonged to the “early arteriosclerotic” age group Clinical examination, 
however, did not reveal any signs of general distribution of arteriosclero- 
sis Microscopic study of the involved artery did not reveal any arterio- 
sclerotic disease It seems justifiable, therefore, to consider the arterial 
occlusive disease in this case as not being on the basis of arteriosclerosis , 
nor does it come under the head of thrombo-angntis obliterans, for 
several reasons Superficial phlebitis had never occurred, and there was 
no history of subjective symptoms of insufficiency of the arterial blood 
supply, such as intermittent claudication, changes in color or ulceration, 
before the episodes of arterial occlusion Acute thrombo-angiitis 
obliterans may show a similar course, but m this case no other arteries 
were found to be involved save the ones acutely occluded In addition, 
involvement of an artery of the central nervous system, such as occurred 
in this case, argues against a diagnosis of thrombo-angntis obliterans 
The strongest argument against such a diagnosis, however, is afforded 
by the microscopic picture of the involved artery, which is definitely 
not that of thrombo-angntis obliterans 

The sudden character of the occlusion would be more likely to signify 
embolism The source of a possible embolus, however, could not be 
traced The patient had never had any subjective symptoms of insuffi- 
ciency or other cardiac symptoms, and an objective examination did not 
reveal any symptoms which indicated the presence of a cardiac lesion 
An electrocardiogram excluded abnormalities in the conductive system 
In this case we are again left with the impression that we are dealing 
with a condition of an irregular type, irregular in the respect that it does 
not fit into any of the groups of arterial occlusion which by clinical and 
pathologic experience we have learned to distinguish By this process 
of elimination, therefore, and strongly supported by the positive find- 
ings of a marked increase m the coagulability of the blood, we were 
led to the conclusion that this may be considered among the cases of 
thrombosing disease 

Case S — A 40 year old woman of English descent was admitted to the clinic 
on Sept 30, 1924 She had enjoyed good health up until the time of her marriage 
at the age of 21 She had two living children and had had three pairs of twins, 
all of whom had been stillborn after from five to eight months of intra-uterine 
hfe After the patient’s last infant was born, seven years prior to her admission 
to the clinic, she had thrombosis of the left femoral vein Four years later 
she suddenly felt dizzy and had to be helped to a chair From there she fell to 
the floor in a state of semiconsciousness For several days there were similar 
attacks She noticed that her left arm and leg were paralyzed She was brought 
home and put to bed, where she stayed for two weeks After this time she began 
to sit up but was unable to walk around During the year preceding her admis- 
sion to the clinic she ivas able to walk with crutches Since the onset of 
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hemiplegia there had been little improvement In February 1924, seven months 
before her admission to the clinic, the patient awakened one night with severe 
pam m the right shoulder, elbow and hand The whole arm prickled, as if it 
were asleep, and for several hours appeared white A week before her admission 
to the clinic she had a similar attack The right hand was white for four 
hours, and there was severe pain m the whole arm, associated with numbness , 
this had persisted more or less ever since 

The mam reason the patient was referred to the clinic was that the local 
physician suspected she had a tumoi of the brain Two weeks before her admission 
to the clinic she awakened from a sound sleep at 2 a m with a severe pain in 
the top of the head For a week this headache kept her awake day and night, 
and she finally had to be gnen morphine 

On admission to the clinic the patient -was afebrile The action of the heart 
was rhythmic, and the rate was 88 beats per minute The right pupil was a 
little larger than the left, which was slightly irregular The reflexes were 
normal The right fundus was not seen because of a capsular remnant of an 
apparently traumatic cataract of childhood In the left eye the disk and macula 
appeared normal The vessels appeared essentially normal The heart, lungs and 
abdominal organs appeared noimal m all respects on physical examination Neu- 
rologic examination revealed the classic symptoms of left hemiplegia 

The right arm and hand appeared colder than the left A blood pressure 
reading for the left arm indicated a systolic pressure of 118 and a diastolic 
pressure of 70, whereas no reading was obtained for the right arm The brachial, 
ulnar and radial arteries of the right arm were not palpable The arteries of the 
lower extremities were pulsating normally, and there were no signs of arterio- 
sclerosis of the vessels The mobility of the right arm was normal 

Flocculation tests were negatne, as were also examinations of the spinal fluid 
The value for hemoglobin was 9 2 Gm per hundred cubic centimeters, and the 
erythrocytes numbered 3,640,000 and the leukocytes 11,700 per cubic millimeter of 
blood 

The severe headache and the objective and subjective symptoms in the right 
arm were not clearly understood Further developments, however, cleared up the 
diagnostic difficulties The patient had been m the hospital for six days when 
she had severe pam in the entire right arm The hand turned white, with streaks 
of cyanosis The finger-nails were blue The lower half of the right forearm 
and the hand felt cold, whereas the rest of the arm felt warm Examination 
of the capillaries of the nail folds the next morning revealed almost complete 
stasis in all the loops It was apparent that the mam artery to the right arm 
had become occluded high up in the arm There was rapidly developing gangrene 
of this extrermty 

The patient’s general condition was poor and the prognosis grave After 
considerable deliberation, amputation in the mid-upper portion of the arm was 
decided on, this was done with the area under local anesthesia seven days after 
the onset of acute occlusion The patient died seventeen days after admission to 
the hospital and twelve days after the onset of acute arterial occlusion 

Postmortem examination revealed the following data The heart weighed 
337 Gm The cardiac muscle was reddish brown and of firm consistency No 
valvular vegetation or mural thrombi were present The lower lobe of the right 
lung was congested , otherwise there was no demonstrable lesion in this lung 
There was considerable congestion in the lower lobe of the left lung , in this 
portion, extending from the surface about 2 cm into the lung, was an area 4 
cm m diameter which was firm and dark reddish blue There was also a small 
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scar on the pleural surface, which on section revealed an old infarction 4 by 3 cm 
in diameter The pulmonary arteries were open and contained no thrombi The 
pulmonary veins, however were occluded by thrombi Examination of the right 
subclavian arterv revealed an organized thrombus, which began at the opening 
of the subclavian artery into the aorta and extended throughout the vessel as far as 
It can be followed and also up into the right carotid artery The thrombus was 
red and contracted and almost filled the lumen of the vessel It was adherent 
throughout The left femoral veins revealed an ancient thrombotic process The 
postmortem observations were otherwise essentially negative 

Comment — This patient at the time of her admission to the clinic 
presented a puzzling picture Furthei clinical developments and the 
postmortem examination cleared up some of these difficulties Even 
then, howevei, some questions remained unansweied One thing was 
obvious , during the last seven years of her life, whenever she was sick, 
the patient had some associated lesion of the blood vessels There was a 
clearcut history of puerperal thrombosis of the femoral vein, again, 
four years afteiward, left hemiplegia developed, without obvious expla- 
nation Three years after this the patient suffered repeated g.ttacks of 
arterial occlusion These events suggested the manifestations of a 
primary clinical entity The patient’s sister was said to have died of 
apoplexy while } oung The patient had had repeated stillbii ths There 
was nothing, however, in the clinical and laboratory examinations which 
could give the faintest suppoit foi the suspicion that she had a syphilitic 
infection She was comparatively young, the blood pressure was normal 
and there was no clinical or pathologic evidence of renal disease or 
arteriosclerosis Her sex, the absence of superficial phlebitis and of a 
history of intermittent claudication, the cerebial involvement and finally 
the presence of normally pulsating aitenes, except the arteries acutely 
involved, together wnth the noninflammatory character of the pathologic 
lesion (fig 6 A and B), all argued against a diagnosis of thrombo- 
angiitis obhteians The unusual foims of arteritis w^ere luled out by 
the pathologic appeal ance of the vessels 

Are the acute vasculai episodes to be explained on the basis of the 
embolism'? An embolus in an artery in the internal capsule is a reasonable 
assumption Embolism would mean the foimation of a thrombus 
somewhere in the arteries of the general circulation, in the left portion 
of the heart or in the pulmonary veins Clinical examination, however, 
showed that the patient’s heart was normal, and postmortem examina- 
tion did not indicate the presence of any pathologic process which 
logically could have led secondarity to mural thrombosis Still the hemi- 
plegia may have been caused by an embolus of unknown origin, or it 
may have been due to thrombosis in situ in the internal capsule The 
same two possibilities are met in regard to the episodes of acute occlu- 
sion of the arteries of the right arm It is logical to assume that the 
last twm episodes w'ere the result of a process superimposed on the one 
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which caused the first symptoms of occlusion m February 1924 This 
final occlusion came on without previous symptoms and with the sudden- 
ness of embolism If there was embolism and not thrombosis, it is 
doubtful that the heart gave rise to the embolus, foi the reasons just 
mentioned At the time of postmoitem examination thrombosis was 
found to have taken place m the pulmonaiy veins, and this may easily 
have given rise to an embolus which paitly blocked the subclavian and 
carotid arteries, with subsequent complete blockage of the ciiculation to 
the distal pait of the right aim 



At necropsy no accurate micioscopic studies were made of the 
pulmonary veins ^Ve aie therefore at a loss in tracing the character of 
the thrombus and its possible age as well as possible lesions of the vessel 
wall We admit freely that this constitutes the weak point m the presen- 
tation of this case The pulmonary veins may have been the seat of 
lesions causing secondary thrombosis and, consequently, aiterial 
embolism later It iSf-however, so mewhat dif ficult to understand how 
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this thrombosis could have been present in the pulmonary veins since 
the first occlusion of the arteries of the arm without giving any symp- 
toms, and It IS still harder to understand that it could have been present 
at the time of the onset of hemiplegia three years earlier The possi- 
bility remains that the fiist arterial occlusion m the arm was due to 
primary thrombosis and that thrombosis then occurred independently 
m the pulmonary veins 

It is clear that the episodes of thrombosis occurred m the veins of 
the general ciiculation during the patient’s last days The fact that 
there was hemorrhagic infarction of the lower lobe of the left lung means 
that an embolus must have been present in the veins of the general 
circulation, because the foramen ovale was found to be closed Together 
with the puerpeial thrombosis of the femoial vein and the thrombosis of 
the pulmonary veins, this constitutes the third localization of venous 
thrombosis in one patient over a period of years Within the same 
space of time episodes of acute arteiial occlusion appeared, of which 
the one resulting in hemiplegia is most reasonably assumed to have been 
caused by thrombosis in situ 

Without a complete microscopic study of all the vessels and without 
positive findings of changes in the coagulability of the blood, we have 
felt it warranted to include this case in the group of cases of thrombosing 
disease because of the similarities m the clinical pictures In addition, 
the pathologic picture did not suggest the typical picture of the known 
forms of arteritis or degenerative lesions of the arteries 

GENERAL COMMENT 

Five cases of occlusive arterial disease which lesulted in gangiene 
have been reported Four of the patients (cases 1 to 4) were seen at 
the clinic in the last two or three years, and the fifth patient was seen 
at the clinic m 1924 Of a large series of cases of vascular disease 
studied during these years, these five cases have been regarded from the 
clinical point of view as irregular, in that the condition could not be con- 
sidered as fulfilling the requirements of the hitherto well known groups 
of arterial occlusive disease either with regai d to the clinical history and 
objective physical findings or the pathologic characteiistics of the 
occluded vessels These cases most likely have to be considered under 
the rather poorly defined term simple thrombosis The group of con- 
ditions represented by the term simple thrombosis, however, may be said 
at the present to comprise so many various clinical conditions that it 
would be warranted, in the absence of definite knowledge as to their 
pathogenesis and etiology, to attempt segregation into the various groups 
of simple thromboses mainly on the basis of the clinical picture In the 
present cases such an attempt seems all the more justifiable because of 
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certain chaiacteristic featuies of changes in the coagulability of the 
plasma, a finding which also introduces the possibility for a discussion of 
the etiology of the pathologic process 

Four of the five patients weie men, and all five were gentiles, their 
ages ranging from 26 to 53 yeais In only one of these cases could 
the pathologic changes be consideied to be secondary to operation In 
case 2 there was the chaiacteristic picture of chronic infectious arthritis, 
which, howevei, had not been active for seven or eight years preceding 
the onset of the vascular disease and for this reason was not considered 
as an etiologic factor In the other cases the possibility of infection was 
excluded As to the presence of an underlying piimary disease, none 
was found In case 3 the possibility of the existence of such an under- 
tymg primary disease was not entirely excluded, as was pointed out 
in the discussion of the differential diagnosis, although such a possi- 
bility seems somewhat remote We have theiefore considered the 
process to be of a primaiy or essential nature 

The clinical picture is characteiized by recurrent episodes of acute 
arterial occlusion m the large and the small aiteries of the extremities 
as well as in those of the biain The episodes may subside after a few 
hours or a few days, with complete recovery, on the other hand, occlu- 
sion may frequently lead to gangrene and to subsequent amputation of 
a small or large part of the involved extremity In cases 1 to 3 the 
patient suffered an acute attack while going about his work and feeling 
perfectly well In cases 4 and 5 the attack was just as acute, even though 
the patient had suffered previous occlusion of an artery of the brain 
Frequently, an episode of arterial occlusion is preceded by, associated 
with, or followed by, one oi several episodes of localized or migrating 
thrombosis m the superficial or deep veins The subjective symptoms 
are those characteristic of any vascular occlusion, as are also the 
objective findings Otherwise the general physical examination has 
been unimportant The systemic reaction is characterized by low grade 
fever or by a completely afebrile condition, with or without leukocytosis 
The other routine laboratory examinations are of no essential interest 
Microscopic study of the vessels involved indicated a nondegenerating 
noninflammatory reaction, with slight cellular reaction in the wall of the 
vessel, including the adventitia, as seen in cases of simple thrombosis 

The diagnosis of the condition is reached by excluding the presence 
of a degenerative arterial lesion Thrombo-angiitis obliterans is ruled 
out mainly by the absence of persistent symptoms, subjective or objec- 
tive, of arterial insufficiency before the acute onset, by the objective 
findings of normally open vessels, except the ones occluded after the 
onset, and by the absence of the chronic inflammatory character of the 
occlusion as seen under the microscope m the typical case of thrombo- 
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angiitis obliterans Sterile blood cultures and the absence of inflamma- 
tory reaction exclude aiteritis of specific or nonspecific origin Exclusion 
of the embolic factor m the occlusion is the most difficult problem in 
this group of cases, and it can be achieved only after the most careful 
physical examination The occurrence of venous thrombosis is of mate- 
rial assistance m the process of differentiation 

Since it has seemed to us sufficiently evident that we are probably 
here dealing with a definite clinical entity, we have called it by a purely 
descriptive term, the thrombosing disease, or essential thrombophilia, 
and the establishment of the clinical pictuie has been the mam purpose 
of this paper The clinical investigation m these cases has been accom- 
panied with special examination of the coagulability of the plasma, 
according to a method previously reported One of the patients (case 5) 
was seen several years before such hematologic investigations were 
employed, and no information is at hand to indicate whether or not 
changes in coagulability were present In the other four cases a mod- 
erate to marked increase in the coagulability of the plasma was found 
In two of the cases in which the patients were followed through several 
episodes of the thrombosing tendency (cases 1 and 2) the active episodes 
of thrombosis were accompanied with coinciding episodes of increasing 
coagulability of the plasma The possibility that these hematologic find- 
ings were the result of hematologic reactions to the already formed 
thrombus has been seriously considered, however, this possibility seems 
justly to be ruled out by control observations m some fifty cases of 
arteriosclerosis obliterans and thrombo-angiitis obliterans m which no 
such changes were observed In a large number of observations of 
patients who have undergone surgical operations of one kind or another 
similar changes of increasing coagulability of the plasma have been 
recorded in a high percentage of cases m which theie was the compli- 
cation of postoperative thrombosis or embolism These observations led 
to the assumption that, so far as can be seen, the changes m coagula- 
bility in cases of essential thrombophilia are not to be considered as 
specific for this disease It is even possible, as will be discussed later, 
that these changes are not altogether necessary requirements for the 
diagnosis of essential thrombophilia In four of the cases reported, 
however, this change in coagulability was present 

From an etiologic point of view this strongly suggests to us the 
probability that the thrombosing episodes stand m some etiologic rela- 
tionship to the episodes of hematologic changes, as recorded by our 
method of investigation of the coagulability of the plasma To prevent 
misunderstanding and misinterpretation we wish to emphasize the point 
that this does not mean that thrombosis occurs because the blood 
clots in the vessels It has been shown and repeatedly emphasized by 
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Aschoff that thrombus formation in vivo is not one of coagulation of 
the blood but an entiiely different process Without going into a detailed 
discussion of the process, it may be of interest to point out a few out- 
standing facts as a basis for our etiologic consideration Morphologi- 
cally, one part of the thrombus is white, it is called the head of the 
thrombus and is the hist pait formed It is made up of a characteristic 
network or by the formation of lamellae, consisting of only a little fibrin 
but a great abundance of platelets, laid down not in the stagnated but 
in the streaming blood of a certain velocity The primary question then 
arises How are the platelets precipitated or agglutinated to form the 
first nucleus of the thrombus^ A discussion of this point involves 
important problems of a physical, colloidal and chemical nature It may 
briefly be stated that the blood can be considered as a colloidal system 
m which are suspended the corpuscular elements of the blood The first 
piocess 111 the foimation of a thrombus is a loss of suspension stability 
of the platelets Theoietically this may be caused by changes in the 
intimal lining of the vessel, in the velocity of the blood stream or in 
the blood platelets themselves In our group of cases we have found 
a strong indication of the presence of certain hematologic changes It is 
therefore only natural that this is influencing our line of thought and 
that we tend to consider the changes in the platelets themselves as being 
of primary impoitance The suspension stability of the corpuscular 
elements of the blood is affected by the physicochemical nature of the 
plasma, and this inten elation of the corpusculai suspension stability and 
the nature of the colloidal blood plasma has been shown by Fahraeus ® 
for the red corpuscles to be due mainly to the qualitative and quanti- 
tative condition of the seium proteins Starlinger ® has pointed out that 
an increase m the globulin-fibrmogen fraction reduces the suspension 
stability of the platelets and theieby favors the occunence of thrombus 
formation 

We have entered into this somewhat detailed discussion in order to 
reach this very point, where the value and limitation of our testing of 
the coagulability of the plasma may most properly be discussed In two 
of our cases (cases 1 and 2) is reported a maiked increase in the 
globulin-fibrmogen fraction of the serum proteins In case 1 this seems 
to have been markedly pronounced, with a return to normal on the first 
visit of the patient six months after his first dismissal We have no 

4 Aschoff, Ludwig Lectures on Pathology, New York, Paul B Hoeber, 
Inc, 1924 

5 Fahraeus, Robin The Suspension Stability of the Blood, Physiol Rev 
9.241-274 (April) 1929 

6 Starlinger, Wilhelm Ueber die khnische Bedeutung des physikochemischen 
Zustandes der zirkulierenden Eiweisskorper des Blutes und Gewebes, Zentralbl 
f inn Med 48 418-431 (April 23) 1927 
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simultaneous determinations of the suspension stability or the agglutin- 
ability of the platelets and the coagulability of the plasma, therefore, it 
remains to be seen whether or not impaired suspension stability and 
increased coagulability are two aspects of the same factor With this 
question unanswered, the possibility remains that changes in the coagu- 
lability of the plasma may not be an absolute requisite for essential 
thrombophilia But with the finding of an increased coagulability of the 
plasma m four of our cases, it is strongly suggested that the primaiy 
hematologic change in this condition is due to the physicochemical 
nature of the plasma Our qualitative and quantitative determinations of 
the serum protein content indicate that an increased globulin-fibrinogen 
fraction may be responsible, that, however, can only partly explain the 
process, as no direct parallel between the globulm-fibrinogen fraction 
and the coagulability can be found Other principles in the plasma, 
eithei of a chemical or of a physical nature, must be involved, as is also 
easily deduced from conditions of hemorrhagic tendency in hemophilia 
and obstructive jaundice in which the maiked change in coagulability 
IS not found to coincide with any qualitative or quantitative laboratory 
method as yet employed For this reason it remains entirely futile to 
attempt to theorize as to the primary nature of the changes leading 
to these hematologic abnormalities in the cases reported here For the 
same reason we have not found any specific treatment for the disease 

SUMMARY 

Five cases are presented in detail, in all of which there was throm- 
bosis of the larger arteries and veins, not only of the extremities but 
also of other regions of the body This thrombosing disease shows a 
tendency toward relapse, with recurrence of thrombosis The throm- 
bosis is initiated without evidence of antecedent disease or of existing 
disease or any known predisposing factors The pathologic changes in 
the vessels are those of a nonreacting type of thrombosis without evi- 
dence of disease in the intima or other coats of the vessel Theie is an 
associated hypercoagulability of the plasma during these episodes It is 
believed that this condition represents a separate disease entity, and to 
it has been given the name essential thrombophilia 
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Prior to the beginning of the twentieth century transfusion was a 
dangerous procedure, usually being followed by violent and often fatal 
reactions In 1900 Landsteiner ^ discovered the cause for these reac- 
tions, namely, the presence in the human serum of agglutinins which 
when mixed with sensitive cells cause marked agglutination These are 
called iso-agglutinins because of their specific action on cells fiom the 
blood of a subject of the same species and must be differentiated from 
hetero-agglutinins, which pioduce similar reactions between the bloods 
of subjects of different species On the basis of these iso-agglutinins 
the four blood groups aie distinguished 

Certain errors in detei mining blood groups occasionally have arisen 
because of pseudo-agglutination oi excessive rouleaux formation (Shat- 
tock,^ 1900) This condition is common in cases of acute infechon and 
IS apparently due to increased viscosity of the serum Marked louleaux 
formation may cause clumping which simulates true agglutination Slight 
dilution (1 3) dissipates pseudo-agglutination, so that it can be readily 
distinguished from iso-agglutination, which usually has a high titer 

Another source of error sometimes observed in grouping bloods is 
that due to cold agglutinins, which aie so called because of their action 
only at low temperatures The action is nonspecific, in that the seium 
will agglutinate the cells from blood of all groups and even the patient's 
own blood A certain amount of confusion has arisen in the literature 
because of the names used to designate the phenomenon of cold aggluti- 
nation auto-agglutination, autohemagglutination and panagglutination 
All these terms have also been used at one time or another to describe 
rouleaux formation 

From the Department of Medicine, Indiana University Hospitals, Dr James O 
Ritchey, head of department 

1 Landsteiner, K Zur Kenntnis der antifermentativen, lytischen und agtylut- 
inierenden AYirkungen des Blutserums und der Lymphe, Centralbl f Bakt (Abt 
1) 27 357 (March) 1900 

2 Shattock, S G Chromocyte Clumping in Acute Pneumonia and Certain 
Other Diseases and the Significance of the Buffy Coat in the Shed Blood, J Path. 
& Bact 6 303, 1900 
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Cold agglutination, although probably obseived by earlier woikers, 
was first cleaily desciibed by Landstemer ® in 1903, who noted its 
occurrence in animals Many other descriptions of cold agglutinins in 
animals may be found Table 1 differentiates types of agglutination * 
Christy^ leported the frequent occurrence of agglutination in trypa- 
nosomiasis in man Details, however, are lacking to establish the true 
nature of this agglutination 

The first definite cases of cold agglutination noted in human beings 
were those repoited by Clough and Richter ** in 1918 In 1931 Boxwell 
and Bigger were able to collect reports of only twenty-two cases which 
satisfied their definition “Autohemagglutination is a clumping of the 
erythrocytes into irregular masses, visible to the naked eye, occurring 
in the presence of the subject’s own serum, without bacterial action, at 
air tempeiature and reversible at body temperature” The instances 


Table 1 — Differentiation of Pseudo-Agglutination, Cold Agglutination and 
Iso-Aggliihnalion (After Landstciner 



Pseudo 

Agglutination 

Cold and Auto 
Agglutination 

Iso Agglutination 

Absorption of active principle 

Not absorbable 

Absorbable 

Absorbable 

Efiect of temperature on tests 

Not ■weaker, rather 
stronger at 87 C 
than at lower 
temperatures 

Occurs as a rule 
only at low tern 
peratures 

Little affected by 
changes of tem 
perature from 

0 to 37 0 

Effect of dilution 

Inactivated by 
sUght dilution 

Stands consider 
able dilution 

Stands consider 
able dilution 

Specificity 

Nonspecific 

As a rule non 
specific 

Group specific 


which satisfied this definition were noted undei a variety of conditions, 
eight being in females and fourteen in males Five of the subjects were 
in normal health, and five suffered from diverse conditions, such as 
bronchopneumonia, secondary anemia, pernicious anemia, hypersensitive- 
ness and unspecified anemia In the remaining twelve cases there was 
some interference with the function of the liver, as shown by jaundice 
and enlaigement of the liver In eight cases the spleen also was reported 

3 Landsteiner, K Ueber Beziehungen zwischen dem Blutserum und den 
Korperzellen, Munchen med Wchnschr 50 1812 (Oct 20) 1903 

4 This table is adapted from that of Landsteiner cited by A S Wiener 
(Blood Groups and Blood Transfusion, Springfield, 111 , Charles C Thomas, 
Publisher, 1935) 

5 Christy, C Sleeping Sickness (Trypanosomiasis), Brit M J 2 1456 
(Nov 26) 1904 

6 Clough, M C, and Richter, I M A Study of an Autoagglutmin Occur- 
ring in a Human Serum, Bull Johns Hopkins Hosp 29 86 (April) 1918 

7 Boxuell, W, and Bigger, J W Autohemagglutmation, J Path & Bact 
34 407 (July) 1931 
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to be enlarged In eleven of the twenty-two cases anemia was a definite 
feature of the illness Four of the patients had syphilis Three instances 
of familial occurrence were noted 

In addition to the cases lepoited by Boxwell and Bigger we have 
been able to find reports of twenty-four cases m which the authors said 
they considered that auto-agglutmation was manifest Only fifteen of 
these reports presented sufficient data so that the condition may be con- 
sidered as true autohemagglutmation 

Cases which cannot be accepted as instances of tiue autohemaggluti- 
nation were reported by Reimann,® Foord® (4 cases), Thiodet and 
Ribere,^° Benhamou and Nouchy “ and Foord and Randall The 
patients reported on by Reimann, Foord and Fooid and Randall all had 
multiple myelomas with hyperproteinemia All of these obviously were 
cases of pseudo-agglutination Benhamou and Nouchy 's case cannot be 
considered as one of true autohemagglutmation, as the serum was shown 
not to contain any abnormal agglutinins, rather the cells agglutinated 
when mixed with seium of another subject of the same blood group 
(Thomsen phenomenon^) The agglutination persisted at 37 C but 
disappeared at from 40 to 45 C Thiodet and Ribere’s case probably 
was one of pseudo-agglutination, as the reaction was not reversible at a 
temperature of 56 C for one-half hour and agglutination was not noted 
on dilution 

To the list of cases of tiue autohemagglutmation we wish to add a 
case from the Indiana University Medical Center which is interesting 
in that all the symptoms can be explained by the agglutinative phe- 
nomenon Despite a thorough search for a possible etiologic factor, 
none could be found, and after treatment marked symptomatic improve- 
ment was noted 

C S , a white man aged 57 years, was admitted to the medical service of 
the Indiana University Hospitals on Nov 6, 1935, complaining of bluish dis- 

8 Reimann, H A Hyperproteinemia as a Cause of Autohemagglutmation 
Observations in a Case of Myeloma, J A M A 99 1411 (Oct 22) 1932 

9 Foord, A G Hyperproteinemia, Autohemagglutmation, Renal Insuffi- 
ciency and Abnormal Bleeding m Multiple Myeloma, Ann Int Med 8 1071 
(March) 1935 

10 Thiodet and Ribere Grande auto-agglutination des hematics, Compt rend 
Soc de biol 116 1389 (June 28) 1934 

11 Benhamou, E, and Nouchy, A Grande auto-agglutmation des hematics 
precedee et suivie de grande auto-agglutmation des plaquettes, Presse med 41 
25 (Jan 7) 1933 

12 Foord, A G, and Randall, L Hyperproteinemia, Autohemagglutmation 
and Renal Insufficiency in Multiple Myeloma, Am J Clin Path 5 532 (Nov) 
1935 



Table 2 — Cases of True Autohemagglntinatwn* 


Case 

Author 

Sex 

1 

Clough and Richter ° 

P 

2 

Clough and Richter ® 

P 

3 

Kliger, I J J A M A 78 
1195, 1922 

P 

4 

Guthrie, 0 G , and Huck, J G 
Bull Johns Hopkins Hosp 34 

80, 1923 

P 

5 

Guthrie and Huck 

r 

6 

Guthrie and Huck 

M 

7 

Debenedetti, V Pohclinico (sez 
med ) 31 311, 1924 

P 

8 

Cohen, H , and Jones, A R 
Lancet 2 • 853, 1924 

M 

9 

Alexander and Thompson 

M 

10 

Greppi, E Pohclinico (sez med ) 
32 61, 1925 

M 

11 

Greppi 

M 

12 

Li Chen Pien J Immunol 11 

297, 1926 

M 

13 

Wyschegorodzewa, W D Ztschr 
f klm Med 104 • 524, 1926 

M 

14 

Greppi, E Riforma med 45 
1374, 1929 

M 

15 

Debenedetti, E Presse mSd 37 
1688, 1929 

M 

16 

Debenedetti 

M 

17 

Debenedetti 

F 

18 

Lloyd, R B , and Chandra, S N 
Indian M Gaz 65 1, 1930 

P 

19 

d’Antona, L Rmasc med 7 
184, 1930 

M 

20 

d’Antona 

M 

21 

d’Antona 

M 

22 

d’Antona 

M 

23 

Boxwell and Bigger ^ 

P 

24 

Iwai and Mei Sai 1““ 

M 

25 

Iwai and Mei Sai 

r 

26 

van der Hoeden, J , and Verbeek, 

A G M Nederl tijdschr v 
geneesk 75 4767, 1931 

M 

27 

van der Hoeden and Verbeek 

M 

28 

van der Hoeden and Verbeek 

M 

29 

van der Hoeden and Verbeek 

P 

30 

Brule, M Hillemand, P , and 
Bonnard Bull et mem Soc 
med d hOp de Pans 40 
429, 1933 

M 

31 

Manheims, P J , and Brunner, E 

E JAMA 101 207, 1933 

P 

32 

LeGoff IT 

M 

33 

Gonzales Guzman, I Arch 

latino am de cardiol y hemat 

3 25, 1932 

M 

34 

Sherman I Am J M Sc ISS 
487, 1934 

P 

35 

Sherman 

r 

36 

Sherman 

F 

37 

Roth IS 

M 

38 

Belk, W P J Lab & Clin 
Med 21 697, 1936 

P 


Clinical Notes 
Bronchopneumonia 

Normal (daughter of patient m case 1) 
Secondary anemia, pregnancy 

Normal 

Normal (sister of patient in case 41 
Normal (brother of patient m cases 4 and o) 
Anemia, hemolytic jaundice, with enlarged 
spleen 

Pernicious anemia, syphilis 

Beulemia (myelogenous?), anemia, enlarged 
spleen, jaundice 

Hypertrophic infective hepatitis, anemia 

Hypertrophic infective hepatitis, anemia 
Syphilis, cirrhosis of liver 

Jaundice, liver enlarged, syphihs 

Splenomegahc hypertrophic hepatitis, anemia 

Hypersensitiveness (asthma, urticaria, etc ) 

Hemolytic jaundice, enlarged spleen and liver 
Normal sister of patient in case 16 
Anemia, spleen enlarged 

Anemia of chlorotic type, hepatocholangeitis 

Splenohepatic syphilis, anemia, jaundice 
spleen and liver enlarged 

Aplastic anemia, spleen and liver enlarged 
Jaundice, spleen and liver enlarged 
Anemia and atypical leukemia 
Raynaud’s disease 
Raynaud’s disease 
Hypertrophic hepatic cirrhosis 

Hypertrophic hepatic cirrhosis 
Hypertrophic hepatic cirrhosis 
Hypertrophic hepatic cirrhosis 
Cirrhosis of liver 


Myelogenous leukemia, anemia 
Raynaud’s disease 

Syphilitic aortitis, splenomegaly, intestinal 
amebiasis 

Lobar pneumonia 

Staphylococcic septicemia 

Influenzal pneumonia, diabetes mellitus 

Paroxysmal hemoglobinuria with vasomotor 
symptoms 
Lobar pneumonia 


Cases 1 to 23 are reported on by Boxwell and Bigger 
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coloration of the fingers, hands, toes, feet, nose, ears and tip of the tongue when 

exposed to cold air At times after he had been exposed to cold the urine 
became red 

The patient had been in excellent health until October 1932 (three years 
before entry), when, while on a hunting trip, he noticed a red discoloration of 
the urine During the winter of 1932-1933 he noticed a recurrence of reddish 
urine every time he was exposed to cold weather At that time there were no 
other symptoms During warm weather the urine remained normal in appearance 
The next winter (1933-1934) the urine was again red, and the patient began to 
have bluish or purplish discoloration of the distal portion of all the extremities 
and of the nose and ears when exposed The same sort of discoloration was noted 
also on the tip of the tongue after he ate ice-cream With the discoloration 
there was no pam or other subjective symptoms except cold, numbness and 

tingling of the affected part The bluish discoloration and numbness due to 
exposure to cold cleared up within five minutes after the application of heat 
The urine also became clear in a short time A year before the patient’s admis- 
sion to the hospital (November 1934), while making a mold and working with 
cold sand, his fingers became cold The index finger of the right hand and the 
middle finger of the left hand became numb and black The ends of both 
fingers sloughed, leaving a scar 

With the recurrence of these same symptoms in the fall of 1935 the patient was 
referred to the hospital for study 

His occupation was that of a molder of metals, largely aluminum, and he 
came into contact with metallic fumes of brass and aluminum There had 

been no one with a similar disorder near him or in his factory 

There were no other complaints except of poor teeth and a rupture, for which 
he had worn a truss for many years The patient had always been in robust 
health He had gonorrhea in 1905 but said that he had never had syphilis He 
had never had malaria There was no history of other infectious diseases, opera- 
tions or accidents He was married, and his wife and three children (aged 
31, 29 and 26) were all living and well His father died of Bright’s disease at 

the age of 69 His mother died at the age of S3 of typhoid Four brothers and 

three sisters were living and well Two other brothers had died — one of heart 
disease and the other of an unknown cause No relative had ever complained 
of symptoms similar to his 

The patient was somewhat obese — height, 5 feet and 7 inches (170 cm ) , 
weight, 189 pounds (86 Kg ) He appeared to be m excellent health His 
face was ruddy He had several carious teeth and enlarged tonsils The pupils 
were round and of equal size and reacted to light and in accommodation 
Ophthalmoscopic examination revealed no abnormality The chest was emphy- 
sematous, but the lungs were normal The heart showed no enlargement to 
percussion, the rhythm was regular, the sounds were distant and a systolic murmur 
could be heard at the apex The blood pressure was 135 systolic and 90 diastolic 
There was an indirect inguinal hernia on the right of moderate size which was 
easily reduced The liver and spleen could not be palpated The right index 
finger and the left middle finger were scarred at the tip and shortened by ^4 inch 
(15 cm ) The peripheral vessels showed moderate arteriosclerosis The radial, 
posterior tibial and dorsalis pedis arteries had normal pulsations There was a 
decrease in the ability to feel heat in the distal portions of the extremities 
Cold was recognized more readily The vibratory sense was normal There 
was a mottled bluish discoloration of the feet and hands (temperature of the 
loom, 21 C ), which was replaced by mild hyperemia when heat was applied 
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The admitting diagnosis was atypical Raynaud’s disease, with paroxysmal 
hemoglobinuria, dental caries, hypertrophied tonsils and indirect inguinal hernia 
on the right 

Several attempts to make a count of the red blood cells were unsuccessful 
because of marked clumping of the cells in the diluting pipets The hemoglobin 
value ranged between 10 5 and 115 Gm The white blood cell count at the time 
of the patient’s admission to the hospital was 12,200 A differential count showed 
polymorphonuclears, 65 per cent, lymphocytes, 19 per cent, metamyelocytes, 8 
per cent, band cells, 6 per cent, myelocytes, 1 per cent, basophils, 1 per cent 
and reticulocytes, 16 per cent The urine was red, acid and cloudy, with a 
specific gravity of 1 022 Albumin was present (0 083 per cent) Blood was 
present as determined by the benzidine reaction There were no red blood cells 
or pus cells Subsequent examinations failed to show blood or albumin The 
function of the kidneys, as determined by the phenolsulfonthalein tests, was 70 
per cent for the first hour and 10 per cent for the second The Wassermann, Kahn 
and Kline tests of the blood for syphilis were negative The basal metabolic 
rate was normal on two occasions (minus 7 and plus 5) Ihe examination of the 
spinal fluid, including a Wassermann test and a gold curve test, gave normal 
results The sedimentation rate of the blood was 6 mm in one hour The 
cholesterol content of the blood was 237 and 183 mg per hundred cubic centi- 
meters, respectively, on two occasions The van den Bergh test showed a slightly 
delayed reaction There was 0 57 mg of bilirubin per hundred cubic centimeters 
The icteric index was 5 The galactose tolerance test of the hepatic function 
revealed no abnormality The lakata-Ara reaction was negative Chemical 
analysis of the serum showed 7 4 Gm of protein, 4 2 mg of phosphorus and 10 3 
mg of calcium per hundred cubic centimeters The fragility of the red blood 
cells was within normal limits (initial hemolysis, 0 46, complete hemolysis, 
032) The Donath-Landsteiner reaction showed no hemolysis on chilling 

No trypanosomes were present in blood smears or m the blood of a rat, 
a mouse or a guinea-pig five days after inoculation with the blood of the patient 

Roentgenograms of the chest showed mild cardiac enlargement, considerable 
prominence of the left auricular node and mild congestive changes m both pul- 
monary fields 

During the patient’s stay in the hospital the temperature remained consistently 
below the normal line, averaging 97 6 F (36 4 C ) and ranging from 96 to 99 F 
(35 6 to 37 2 C ) 

The clumping of the blood in the diluting pipets suggested autohemagglutina- 
tion, so the count was again attempted with the pipets, solutions and microscope 
under the rays of a heat lamp at a temperature of 37 C In this manner counts 
were made without difficulty The red blood cells numbered 3,040,000 and the 
platelets 203,680 No great difficulty was encountered in making satisfactory blood 
smears at room temperature 

Ten cubic centimeters of the blood of the patient together with 1 cc of a 
2 5 per cent solution of sodium citrate was centrifugated at body temperature, 
and the cells w'ere washed in physiologic solution of sodium chloride The cells 
were used to determine the blood type, and the blood was found to belong to 
group A (type II) At room temperature (25 C ) the patient’s serum agglutinated 
the cells from all four groups with equal rapidity 

Various dilutions of the serum were made, and 1 drop of a suspension of the 
cells which had been separated and washed was added to each dilution Agglu- 
tination was noted grossly and microscopically to a dilution of 1 1,024 after 
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thirty minutes of chilling at 10 C Agglutination disappeared in all dilutions 
after five minutes in the incubator at 37 C At 15 C the titer was noted as 
1 64, and at 27 C, as 1 8 (table 3) 

An experiment was performed to determine the temperature of the skin of 
the feet under various conditions The temperature was measured with the 
thermocouple (dermotherm) with the patient in a recumbent position The tempera- 
ture of the knees, calves, ankles, dorsum of each foot and toes was measured 
at room heat (25 6 C) A photograph taken at that time shows the normal 
appearance of the skin (fig A) The room temperature was then lowered to 
20 C After a few minutes the changes previously described , i e , mottling, bluish 
discoloration, with slight numbness, began to appear and were well marked in 
fifteen minutes, at which time a second photograph was taken (fig B) The 


Table 3 — Agginiinahon of the Patient’s Cells by His Own Semin 


Titer 

1 1 

1 2 

1 4 

18 1 16 

1 32 

1 64 

1 12S 

1 256 

1 512 

1 1,024 

IOC 

++ + + 

++++ 

+ + + + 

+ -^ + + ++++ +++ + 

+ + + + + + + + 

-1-+ + + 

+ 4" + 

T 

15 C 

++ + + 

++++ 

+ + + + 

+ + + + +++ + 

++++ 

+ + + 

+ + 

0 

0 

0 

27 C 

++ + + 

+++ + 

+ + + + 

+ + 0 

0 

0 

0 

0 

0 

0 

37 C 

0 

0 

0 

0 0 

0 

0 

0 

0 

0 

0 



Table 4 — Tempeiatwes of the Skin in 

Degrees Centigiade 





After Immersion 



Room at 

Room at 

of Arms at 



Temperature Temperature 

43 3 0 for 


Location 

of 25 6 C 

of 20 C 

20 Minutes 

Knee 

\Right 

31 6 

301 

30 2 

(Left 

31 3 

29 8 

SOI 

Calf 

IRight 

(Left 

31 4 

31 0 

29 9 

29 5 

"0 1 

30 0 

AnJvIe 

JRigbt 

(Left 

29 0 

29 0 

26 0 

25 5 

25 7 

25 2 

Dorsum 

IRight 

29 9 

27 2 

20 6 

of Foot 

(Left 

29 4 

26 6 

26 6 

Great Toe JEight 

291 

23 6 

23 5 

(Dorsum) (Left 

28 0 

23 0 

23 2 

Little 

(Right 

26 7 

22 6 

22 7 

Toe 

(Left 

26 5 

22 2 

22 6 


surface temperatures were again measured The patient was asked to immerse 
both arms to a point above the elbows in water at 43 3 C , and the temperatures 
were again read after twenty minutes of immersion The results are shown in 
table 4. 

Normally, according to Landis and Gibbon,!^ a response — an increase in the 
surface temperature of the foot — is noted wuthin fifteen minutes after immersion 
of the forearms in water at 43 C, and in all normal subjects the temperature 
reaches at least 31 5 C within twenty-nine minutes Any failure to show^ this 
rise is indicative of occlusive vascular disease There was no appreciable change 
in the temperature in our case twenty or thirty minutes after immersion 

13 Landis, E M , and Gibbon, J H, Jr Simple Method of Producing 
Vasodilatation in the Lower Extremities with Reference to Its Usefulness in 
Studies of Peripheral Vascular Disease, Arch Int Med 52 785 (Nov ) 1933 
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On two occasions the patient was asked to expose himself dressed onh 
in street clothes to an outdoor temperature of about 0 C Both times he complained 
in about ten minutes of numbness of the hands, feet, nose and ears Each of 
these members was dark purple and felt cold to touch Room temperature 
restored the normal healthy color within ten minutes, the change being rapid 
from purple to gray to an erythema+ous hue (with splotchy white patches) 
to normal pink Sensation returned to normal at the same time Examination 
of all the specimens of urine for several hours afterward showed no trace of 
blood with the benzidine reaction 



A, photograph of the lower extremities at room temperature, B, fifteen minutes 
after the temperature was lowered to 20 C 

In an attempt to produce the phenomenon by local chilling, both arms were 
immersed m water at 4 4 C for five minutes The changes noted were not 
those expected, being an extreme blanching of the skin in all immersed areas 
and a feeling of numbness, cold and tingling A normal color soon returned 
when the arms were exposed to room temperature Specimens of urine did not 
contain blood 

As the moderate degree of anemia seemed to be the only finding of importance, 
and since many of the patients with autohemagglutination reported on in the 
literature had this condition, the patient was given iron (3 pills of ferrous 
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carbonate three times a day) and liver extract For empirical reasons he 
was also given theobromine, IS grams (1 Gm ) three times a day Under this 
therapy he was discharged on December 19 

As he lived near the hospital, he reported from time to time that he was 
markedly improved and had been able to return to work He w'as next seen 
in the hospital on Feb 28, 1936, when he came in for a check-up examination At 
that time he stated that the symptoms noted during the past four winters had 
nearly disappeared, and he attributed his improvement to the therap 3 ' Blueness 
of the nose and ears had been noted on only three or four occasions He had 
been outdoors, well clothed, on one occasion when the temperature w^as — 14 F 
( — 25 5 C ) without discomfort The return of symptoms had been noted ahvays 
on raw, damp days wuth the temperature above freezing Hemoglobinuria was 
noted only twice, each time after a short exposure without proper protection 
on damp days The results of physical examination were essentially the same as 
previously Owing to the fact that he had a job to maintain, the patient stayed 
in the hospital only o\ernight His temperature at 8 p m and 8am was 
recorded as 98 F (36 6 C ) Clumping of the blood in diluting pipets w'as again 
noted unless the solutions were warmed A blood count showed hemoglobin, 
11 Gm , red cells, 3,120,000, and white cells, 6,700, with a normal differential 
count The urine was normal and showed a negative test for blood The cholesterol 
content of the blood was 176 mg per hundred cubic centimeters Agglutination 
tests again were made and show^ed practically no change, except that agglutination 
was noted to a titer of only 1 512 at icebox temperature, instead of 1 1,024 

COMMENT 

The Significance of the laboratory and experimental work is apparent 
The man was m good health except for a peculiar condition of the 
blood, which caused some suffering and inconvenience during the winter 
months His financial condition and family ties made it impossible for 
him to move to a warmer climate The cause of autohemagglutination 
was not determined, although a careful search for an organic origin was 
made The history suggestive of paroxysmal hemoglobinui la could not 
be substantiated by frequent examinations of the urine foi blood All 
the tests showed negative results except the one at the time when the 
patient was first admitted to the hospital The Donath-Landstemer test 
for cold hemolysins also was negative 

Only five cases are recorded m which the patient showed symptoms 
of a peripheial vascular nature (Alexander and Thompson,^® Iwai and 
Mei-Sai [two cases], LeGoff and Roth Each patient presented 

14 The preparation used was extralm, 3 capsules three times a daj”^ 

15 Alexander, H L , and Thompson, L D Autohemagglutination in Chronic 
Leukemia, J A M A 85 1707 (Nov 28) 1925 

16 Iwai, S, and Mei-Sai, N (a) Etiology of Raynaud’s Disease Pre- 
liminary Report, Japan M World 5 119 (May) 1925, (b) Etiology of Raynaud’s 
Disease, ibid 6 345 (Dec ) 1926 

17 LeGoff, J M Sur la forte auto-agglutinine du sang dans certaines 
maladies peripheriques, Presse med 41 628 (April 19) 1933 

18 Roth, G Paroxysmal Hemoglobinuria with Vasomotor and Agglutinative 
Features, Proc Staff Meet , Majm Chn 10 609 (Sept 25) 1935 
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blueness of the peripheral parts and numbness on exposure to cold, the 
symptoms remitting when the parts were warmed, as in our case Iwai 
and Mei-Sai and LeGoff went so far as to advance the hypothesis of 
autohemagglutination as a cause of Raynaud’s disease LeGoff’s patient 
showed sloughs from the lower extremities Clough and Richter ® recog- 
nized the danger of intravascular agglutination, and the Japanese authors 
Iwai and Mei-Sai demonstrated the possibility of mtracapillary aggluti- 
nation m vitro, using glass tubes and passing blood through at various 
temperatures They observed also what appeared to be clumping in the 
conjunctival capillaries after chilling by using a corneal micioscope 

The theory of intravascular plugging by agglutinated cells seems 
perfectly plausible and would explain all the symptoms in our case 
Vascular occlusion was shown to be present by testing the temperature 
of the skin Since the reaction was completely and immediately revers- 
ible at internal body heat, embolic phenomena did not occur The symp- 
tomatic improvement noted in our case without a change in climate, 
without any appreciable change m the blood count and without much 
lowering of the titer of the agglutinin might be explained by the vaso- 
dilating action of theobromine, which was sufficient to maintain adequate 
circulation even when agglutination did occur Of course, spontaneous 
remission must be considered Liver therapy seemed to be of little 
value, and this was discontinued shortly after the patient’s second 
admission to the hospital 

The apparent confusion m the literature regarding the term auto- 
hemagglutination suggests that a more descriptive term for the condition 
described by Landsteiner and Boxwell and Bigger is needed We submit 
that reversible autohemagghitination fully conveys the meaning desired 
and will prevent any confusion with pseudo-agglutination, iso-aggluti- 
nation, panagglutination and the many other similar terms sometimes 
used 

In connection with this condition it is interesting to note that, in 
spite of the difficulty in typing and cross-matching, only one instance of 
an incompatible transfusion is recorded (Alexander and Thompson^®) 
How many cases of this type have not been reported in the literature^ 

Dr C G Culbertson, director of the laboratory of the Indiana 
University Hospitals, informed us that he knew of several cases in 
which cold agglutinins confused the technicians while typing and cross- 
matching the blood of donors Unfortunately no record of these has 
been kept, but no difficulty m making the transfusions has been noted 
The technic in our laboratory includes warming the blood to 37 C 
when there is any abnormality, m order to rule out cold agglutinins 
(reversible autohemagglutination ) 

It IS possible that reversible autohemagglutination occurs more fre- 
quently than the literature indicates but is not observed because the test 
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IS not made It is also entirely possible that some atypical peiipheral 
vascular conditions may be explained wholly or in pait by the condition 
of revel sible autohemagglutination 

SUMMARY 

Autohemagglutination (cold agglutination) is differentiated fioni 
iso-agglutmation and pseudo-agglutination 

A summary of the literature reveals repoits of thirty-eight cases m 
which sufficient data are presented to confirm a diagnosis of true auto- 
hemagglutmation 

The report of a case of autohemagglutination is presented m which 
there were symptoms of peripheral vascular disease and in which 
improvement followed treatment 

The theory of intravascular plugging with agglutinated cells and the 
production of symptoms is discussed 

The use of the term reversible autokemagglutirmhon is suggested to 
prevent confusion m the literature 



SALMONELLA SUIPESTIFER INFECTION IN 
HUMAN BEINGS 

REVIEW OF THE LITERATURE A’ND REPORT OF TWENTY-ONE 

NEW CASES 

A M HARVEY, MD 

BAITIMORF 

Since the first description of the hog cholera bacillus by Salmon and 
Smith in 1885, many reports of food poisoning as well as of sporadic 
infection in human beings due to this organism have appeared Twenty- 
one patients with Salmonella suipestifer infection have been treated at 
the Johns Hopkins Hospital since April 1933 In view of the relative 
frequency of this infection in Baltimore, it seems desirable to report 
these cases and to review the literature in order to determine more 
clearly the clinical manifestations of S suipestifer infection in man 

In 1902 Longcope published a report of two cases of human infection 
of a typhoid-like nature with leukopenia caused by a “paracolon” bacil- 
lus Latei studies by TenBroeck revealed that the organism isolated 
by Longcope belonged to the hog cholera bacillus group Prior to the 
appearance of this article no infection due to this organism in human 
beings had been described Many outbreaks of food poisoning caused 
by this bacillus have appeared in Europe and Asia, the majority of them 
occurring during the World War and in the following years The lit- 
erature IS filled with lengthy discussions as to the pathogenicity of 
this organism for man About fifty proved sporadic cases have been 
described In this country three outbreaks of food poisoning and 
eighteen sporadic cases of the infection have occurred, eleven of the 
patients being admitted to the Johns Hopkins Hospital The analysis 
of cases in this report includes fifty cases from the literature of proved 
S suipestifer infection and the twenty-one cases of the present senes 

DISTRIBUTION 

Infection due to this organism has been reported from almost all 
parts of the world Outbreaks of food poisoning have been studied in 
Germany, Switzerland, England, Albania, Turkey, Mesopotamia, Pales- 
tine, the West Indies and the United States The majority of the 

From the Medical Clinic of the Johns Hopkins Hospital 
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sporadic cases have been reported from Holland, England and the 
United States 

EPIDEMIC OUTBREAKS DUE TO A KNOWN SOURCE OF INFECTION ^ 

The clinical pictuie is similar m all these cases After an incubation 
period varying from three to ninety-four hours, but usually ranging 
fiom twelve to twenty-four hours, the patient suddenly becomes ill 
with headache, fever, abdominal pain, nausea, vomiting and diarrhea and 
in the cases of more severe involvement with prostration and even stupor 
In a few instances chills occur, and some of the childien affected have 
convulsions In a small percentage of the cases the spleen is palpable, 
herpes occasionally appears, muscular weakness sometimes supervenes 
and, laiely, rose spots are piesent Pneumonia is a rare complication, 
and general paresis of the muscles is desciibed Recovery from the 
acute symptoms is usually rapid, but complete convalescence may take 
from seven to ten days In only five of a total of fourteen hundred 
and twenty-five cases m which the diagnosis was proved bactenologically 
was the illness fatal The source of infection has vaiied Usually meat, 
such as pork, sausage or ham, is responsible, but such varied agents as 
tapioca pudding, ice cream, milk, crab-meat and veal have been incrimi- 
nated Knorr isolated the organisms from imported Chinese egg yolk 
but reported no cases of infection In ten of the twenty epidemics the 
organism was isolated from the stool, m ten cases from the urine and 
in two from the blood stream 

SPORADIC CASES 

Age, Sex, Race, Seasonal Incidence and Moitahty — The majority 
of the cases of bacteremia due to S suipestifer occurred during the first 
decade of life Thirty-six of a total of sixty-seven patients, including 
those of the present series, belonged in this penod In striking contrast 
to this are the mortality statistics In the whole series there were 
twenty-two deaths Among patients less than 25 years of age the 
mortality was 19 per cent, while among those over this age it rose to 
58 per cent Of course the number of patients in the latter group was 
fairly small The youngest patient on record vas 5 weeks of age and 
the oldest (case 21 of this series) 70 years Practically e'very race has 
been found to be susceptible Among the patients reported from this 
hospital there were twenty-seven Negroes and only five white peisons 
There is no particular seasonal incidence 

1 Bernhardt, Bosch, Clarenburg, Demnitz , Geiger, Greer and White 
Griffin, Gruttner, Kauffmann, Kaunitz and Trawinsky , Krumwiede Pro%ost 
and Cooper, Lewy and Schiff Schmidt, Schnitter. Scott Stevart and Litterer, 

and Walther 
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Uncomplicated Bacteremia — Typhoid-Like Infection - — Forty-four 
of the seventy-one patients were without localizing signs, eleven of the 
patients in the present series being of this type In this group the aver- 
age age was 13 years, the youngest patient being 7 months and the oldest 
55, years of age The sexes were equally affected, and m only nine 
cases, or 20 per cent, did the disease prove fatal 

The clinical picture of this type of infection is not unlike that of 
typhoid, and this diagnosis is often made when the patient is admitted 
to the hospital However, in many instances there are features which 
seive to distinguish it 

The onset is usually sudden, but in from one fourth to one third 
of the patients the disease begins gradually over a period of two or 
three days Fever is the predominant symptom at the onset A marked 
degree of pyrexia is noted, the temperature often being 104 or 105 F , 
but this IS not invariably the rule The duration of the fever varies 


Table 1 — The Sporadic Cases A Companion of Fortv-Stx Reported Cases 
isnth the Present Senes of Tvucnty-One Cases 


Number of 
Reported 


Age, Years Cases 

0 6 17 

5-10 6 

1015 3 

15 20 6 

20 25 3 

25 30 5 

30 35 3 

35-40 1 

Over 40 3 

Total 46 


Number of 

Number of 

Number of 

Fatal Cases 

Cases In 

Fatal Cases m 

Reported 

Present Series 

Present Series 

3 

10 

1 

0 

4 

0 

1 

0 

0 

3 

1 

0 

2 

0 

0 

2 

0 

0 

3 

3 

2 

1 

2 

0 

3 

1 

1 

18 

21 

4 


considerably, but in the average case it lasts for from two to ten days 
Anorexia is almost always a complaint Vomiting and headache occur 
with great regularity A shaking chill at the onset occurs in about 10 
per cent of the cases Dry cough and coryza are frequently noted 
Diarrhea was complained of in thirteen of the cases, while constipation 
was noted m approximately 10 per cent Worthy of mention is the 
frequent complaint of abdominal pain Many of the patients have 
abdominal distention and tenderness and occasionally a slight degree 
of muscle spasm Owing to these signs and symptoms needless opera- 
tions have been performed Other symptoms which occur occasionally 
are convulsions (especially in children), drowsiness, delirium, articular 
pains without objective findings and pain in the back A history of 
epistaxis was noted in three cases 

2 Bauer and McCIintock, Boiler, Branham, Motyca and Devine, Dijkstra, 
Haynes and Meiks , Hicks and Robertson , Kobe , Kruger , Kuttner and Zepp , 
Mackenzie, MaWeld, Nabarro, White, Dyke and Scott, Neukirch, Rau and 
Shaw 
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The physical findings aie those common to any acute infection with 
an invasion of the blood stieam Hyperpyrexia, a coated tongue and 
abdominal distention aie almost always present In contrast to the 
findings m typhoid, the pulse rate is usually rapid However, a relative 
brad 5 ''cardia is occasionally seen Meningismus is a common finding 
in childien but is raiely observed in adults The large majority of 
children are drowsy, but many of the adult patients look suiprisingly 
alert m the presence of such a high tempeiature Herpes rarely occurs 
Rose spots almost never are seen Mild bronchitis is commonly noted 
in older patients In a few cases the liver is palpable, and even less 
frequently there is slight general enlargement of the l 3 TOph nodes In 
approximately one fifth of the cases the spleen is palpable 

Complications during the course of this infection are rare Jaundice 
has been reported in three cases Two intestinal hemorrhages occurred 
during the course of a mild typhoid-like infection m a 28 year old Indian 
reported by Duncan Although the organism obtained by culture of 


Table 2 — The Initial Symptoms in the Twenty-One Cases in the Piescnt Senes 


Pever 

21 

Abdominal pain 

5 

Vomiting 

10 

Delirium 

5 

Cough 

7 

Drowsiness 

4 

Coryza 

6 

Chill 

S 

Diarrhea 

6 

Headache 

2 

Constipation 

5 

Convulsions 

2 

Pains in joints 

2 




the blood was not entirely typical of S suipestifer, serum agglutination 
with stock strains was 1 80, while tests with all othei antigens showed 
negative lesults Parotitis was a fatal complication in one case Puipuia 
occasionally developed, and its appearance was always associated with 
an unfavorable outcome Culture of the urine in five of these cases 
gave positive results, but theie were no clinical manifestations of uiinarj 
infection In a model ate number of cases a slight degree of anemia 
developed during the course of the illness, but the blood returned lapidly 
to normal when the infection subsided Of interest are the numerous 
cases in which the condition has developed in peisons previously inocu- 
lated with typhoid vaccine 

In only an occasional case is the organism observed m the stool 
The majority of patients present no recognizable source of the oiganism 
in the body, and the manner of its entrance and mode of dissemination 
are usually entirely unknown 

Cases of PulfsionaTy Involvement ^ — Among the pulmonary mani- 
festations which occur during the course of S suipestifer infection are 

3 Bauer and McChntock, Boiler, Bullowa, Kuttner and Zepp, Keukircli 
van der Hoeden and Hulst, and Weil and Saxl 
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bronchopneumonia, occasionally lobar pneumonia, pleuiisy with effusion 
and empyema Twenty-four, or approximately one third of the seventy- 
one patients with the diagnosis proved, including the twenty-one in the 
present series, had definite evidence of pulmonary or pleural involve- 
ment In a large majority bronchopneumonia was noted The average 
age of these patients was 19 years The sexes were about equally 
affected Ten of the twenty-four patients died The symptoms and 
physical signs were similar to those seen in pneumonia due to other 
organisms In one of the cases reported by Kuttner and Zepp in 1933 
purpura developed, and the bronchopneumonia was discovered at autopsy 
to be interstitial Since purpura is a common finding in pigs infected 
with the virus of hog cholera, the possibility of such an etiologic rela- 
tionship was mentioned m this case, but no virus studies were made 
No other instances of pneumonia of this type have been noted in cases 
of S suipestifer infection 

The temperature is usually high, with a daily variation of from 
0 5 to 2 F In the bronchopneumomc type it comes to normal by slow 
lysis, but several patients with essentially lobar involvement showed 
termination by typical crisis Frequently the pneumonia is bilateral 

In SIX cases bacteriologic proof of the role played by the suipestifer 
bacillus in these infections has been obtained Five of these cases were 
reported m the literature, and one belonged m the present senes In 
an unusual case of lobar pneumonia the bacillus was recovered from 
the sputum and from the blood stream (Bullowa) In two cases of the 
Glasser-Voldagsen type described by Neukirch it was obtained m pure 
culture from the lung at autopsy In case 18 of the present series lobar 
pneumonia with pleural effusion developed during the course of preg- 
nancy, which was already complicated by myocardial insufficiency Fluid 
obtained by thoracentesis was sterile, but blood culture revealed a gram- 
negative rod, and at autopsy S suipestifer was grown in pure culture 
from the lung Boiler reported the case of a 21 year old woman in 
whom one week post partum a pleural effusion developed which led 
to emp 3 fema S suipestifer was grown from the fluid The patient was 
entiiely well four months later Van der Hoeden and Hulst obtained 
the organism from the pleural fluid and sputum of their patient 

The combination of pneumonia and articular involvement is an inter- 
esting one Four cases of such a combination are on record ^ Three 
were in infants 1, 5 and 15 months old, respectively The articular infec- 
tion developed from six days to six weeks after the pneumonia had 
become manifest 


4 Te\eli, Tur and Gartoch, and \an Creveld and Ruys 
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Pymthosis and Osteomyehtis Due to S suipesfifc) In fifteen 
of seventy-one cases in which the diagnosis was pioved by cultiue 
manifestations of involvement of the bones or joints weie noted — an 
incidence of ovei 20 per cent Only one of these cases was from the 
piesent series, but at the piesent time there is in this hospital a patient 
with S suipestifei infection of the spine, a child who is not included 
in the present repoit Seven of these patients vere in the first yeai 
of life The moitality in this gioup was 28 pei cent The sexes weie 
equally affected, twelve were white, one was a Negio and one a Chinese 
The individual joints weie involved as follows knee — left in two, 
right m two, shouldei— left in two, right in four, ankle — left in two, 
light m one, and moie than one joint in five cases Two cases of osteo- 
myelitis involving almost eveiy bone m the body have been described 
(Matrossoff) One of these is included in the present senes 

In the majority of these cases aiticulai involvement was the fiist 
b}mptom of note Howevei, in seveial it appealed as a complication 
during the comse of S suipestifer septicemia fiom eight days to one 
month after the onset, usually being pieceded by bi onchopneumonia 
Case 7 of this seiies is of unusual inteiest because of the develop- 
ment of extensive purpuia on the sixth day of illness and of osteo- 
myelitis involving almost the entiie skeleton befoie the fatal termination 
of the three month illness 

There is a period vaiying fioni a few days to seveial weeks before 
any objective evidence of aiticulai involvement appears duiing winch 
general malaise and difficulty m using the affected extremity are present 
Only occasionally is a history of tiauma to the joint elicited Most of 
the patients have a leniitteiit fevei of vaiying degree, but several have 
been almost afebrile On examination the involved joint is usually 
visibly swollen and warm Occasionally the ovei lying skin is erythema- 
tous, tenderness to palpation is noted and movement is painful Fluid 
IS present m almost every case, and on aspiration a turbid, purulent, 
gieenisli material is obtained fiom which a pure cultuie of S suipestifer 
IS grown Thus, the common finding is pyaithiosis Osteomyelitis of 
the adjoining bone is not of infiequent occuirence 

Roentgenograms in the eaily stages may show nothing abnormal, 
but later such changes as periosteal thickening, laiefaction and erosion 
of the adjoining bone almost invariably appear In case 7 of this series 
1 oentgenograms at first showed nothing abnormal, but, later, osteo- 
myelitic changes were obseived in almost every portion of the skeleton 

5 Brum and Janssen, Dijkstra, Dijkstra and van der Hoeden, Gajzago and 
Gottche, Kuttner and Zepp, Langwill, Nabarro, White, Dyke and Scott, Teieh 
Tur and Gartoch , Weaver and Sherwood, and Weil and Saxl 
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In contiast to the cases of uncomplicated bactei emia, well marked 
leukocytosis was noted in fi^e of seven cases, the count ranging from 
16 000 to 28,000 In four of the fouiteen patients the organism was 
cultured from the blood stream 

In all the fatal cases theie was extensive, multiple bony involvement 
No case of monarticular involvement proved fatal In one case death 
occuired seven weeks after the onset of articular lesions, and at autopsy 
no pathologic changes could be seen 

After open drainage oi repeated aspiration of the joint, together 
with traction oi immobilization, as indicated, the temperature drops 
rapidly to normal, the swelling giadually subsides and in fiom three 
to SIX weeks fiee mobility usually returns Occasionally, slight limita- 
tion of motion lemains, but in many of the patients followed for from 
SIX months to two years complete function was reestablished 

In a report by Ssokoloff there were mentioned thirty cases of sur- 
gical complications Most of these were diagnosed by agglutination reac- 
tions with stock serums of the Glasser-Voldagasen strain, similar to 
that found by Neukiich (1918) in his cases The manifestations were 
similar clinically, roentgenographically and pathologically to those of 
typhoid and paratyphoid osteomyelitis 

Five cases of spondylitis, all m men between the ages of 17 and 
46, were noted by Ssokoloff The process in two began directly after 
the febrile illness, but in one case a latent period of three months was 
noted The first patient to be seen m this country with S suipestifer 
infection of the spine is a patient who is m this hospital at the present 
time 

In ten cases infection of the costal cartilage was noted, all such 
instances occurring in men aged from 17 to 37, in whom the latent period 
leaned from one week to two months In three cases multiple foci were 
present Serum agglutination titers varied from 1 200 to 1 1,600, 
and from an abscess which developed in one case a pure culture of 
the gram-negative rod was obtained In two cases fistulas developed 
Articular involvement showing a predilection for the amphiarthrosis 
type was noted With the exception of a 10 year old girl, the patients 
were men from 17 to 37 years of age There was always a history of 
preceding febrile illness, followed in from one week to two months by 
articular manifestations The sacro-iliac joint was involved in four 
cases, the sternoclavicular joint in two, the hip joint in three, the knee 
joint in t^vo and the symphysis pubis in one Pain on active and passive 
motion and swelling and pain on palpation of the capsule were usually 
noted, and free fluid was present in the joint In three instances the 
organism was cultured from the synovial fluid Healing occurred in 
from five to nine months 
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Aisscnjcff established the causal relationship of this organism in 
ten cases of articular infection The involvement was mild, as evidenced 
by the average duiation of illness of only two weeks The bacillus ^\as 
1 ecovered in only one case , m this case thei e was an abscess around 
the ankle joint The remainder of the cases weie proved by seium 
agglutination tests 

Matrossoff repoited a case of multiple osteomyelitis in a 25 jeai 
old man The series of complications appeared at intervals of fiom 
thiee weeks to one year after the acute infection 

InfecHon Comphcating Sw gical Pi ocedm es — Of special inteiest is 
the occurrence in this series of several cases of postopeiative infection 
due to S suipestifei Kuttnei and Zepp in 1933 reported a case of 
S suipestifer bacteiemia in which bronchopneumonia and cystitis 
occurred the day after a bilateral antial opeiation on a 28 year old 
Negress Cultures of material from the sinuses and from the nose and 
throat were sterile, but the organism was obtained from the urine The 
patient recovered In one of Kuttner’s cases, that of a 6 yeai old 
Negress with a three day history of abdominal pain, vomiting, fevei, 
boardhke abdomen and a leukocyte count of 30,000, laparotomy was 
performed and the only finding was a small amount of fibiinous pus 
m the pelvis After the operation the temperature remained high, and 
culture of the blood showed S suipestifer Hicks and Robertson 
described the illness of a Chinese police constable who, live days aftei 
drainage of an ischiorectal abscess, became ill, with fever, epigastric 
pain, a palpable spleen and mild leukocytosis S suipestifer was cultured 
from the blood stieam The illness teiminated fatally 

In the present series there were seveial cases in which a relationship 
to some surgical procedure was noted In case 16, that of a 33 yeai 
old Negress, bronchopneumonia of the upper lobe of the right lung 
developed after laparotomy for myomas of the uterus The oiganism 
was cultured from the blood but not fiom the sputum Later an indu- 
rated area in the wound was incised, and there was a model ate amount 
of serosanguineous pus, from which a pure culture of S suipestifei 
was obtained In case 19, that of a 36 year old Negro, acute pancreatitis 
was noted at operation The temperature rose to 104 F eight hours 
after operation, and death resulted within a few days Unfortunatel} 
no cultures were made at the time of opeiation, but after death the 
organism was obtained tiom the heart blood and also from mateiial 
from the peiitoneal cavity In several repoited instances ° S suipestifer 
has been cultured fiom the bile of patients with cholecystitis and of 
patients supposedl)’’ ill with catairhal jaundice Whether oi not infection 
of the biliaiy tract due to suipestifer was present in this case before 
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opeiation is impossible to say Finally, in case 20, that of a 37 yeai old 
Negress with myomas of the uterus and B coh cystitis, a high fever 
with chill developed on the second day after a cystoscopic examination 
S suipestifer was repeatedly cultured from the blood but never from 
the urine No source of infection could be found in any of these 
patients 

Involvement of the Netvous System ~ — Four fatal cases of purulent 
meningitis due to S suipestifer are on record In one case the oiganism 
was cultured from the spinal fluid and in three cases from the meningeal 
pus at autopsy Coma, convulsions, purposeless movements of the hands, 
ceivical rigidity, hypertonicity and a positive Kernig sign were noted 
All the patients weie in coma on admission, and the progress to death 
was rapid 

Bollei lepoited the case of a 36 year old woman with bacteiemia 
who on the fourth day of the illness showed signs of paralysis which 
he stated were like those seen in diphtheria These gradually disap- 
peared, and complete function returned within a few weeks 

In the Offenbach epidemic, reported on by Schnitter, many of the 
patients had slight distuibances of the peiipheral neives Cervical 
rigidity was noted in a few Also, tiansient deafness and trigeminal 
neuralgia occurred 

Endocai dihs — Gouley and Isiael observed the following unusual 
case In a 4 3^eai old white girl a febrile illness developed, with marked 
prostration, flve days befoie her admission to the hospital Forty-eight 
hours after her entry into the hospital consolidation developed in the 
upper lobe of the light lung and on the ninth day of illness a double 
aortic murmui was audible The blood culture showed S suipestifer 
The temperatuie returned to normal on the twelfth day of hospitaliza- 
tion, and the aortic mmmur later disappeaied It was assumed that 
the patient had endocarditis due to S suipestifer 

As a Secondary Infecting Agent m Association with Tumoi — ^Van 
der Hoeden and Hulst reported the case of a 16 year old boy who was 
ill for six months with enlargement of the lymph glands in the neck, 
widening of the mediastinum and enlargement of the spleen The organ- 
ism was cultured from material obtained by puncture of the growth, 
from the blood and the pleural fluid, once from the stool and regularly 
in the urine The serum agglutination reached a titer of 1 12,800 At 
autopsy the tumor was described as an endothelioma 

Case 21 of this group is somewhat similar S suipestifer bacilli were 
giown repeatedly from the blood of this 70 year old woman during her 
illness An agglutination titer of 1 1,280 developed, and at autopsy 


7 Kuttner and Zepp Materna and Januschke, and Neukirch 
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a secondaiily infected hypernephi oina was piesent, fiom which the bacil- 
lus was obtained Cultures of the uiine and stool during life were sterile 

Piedommant Infectwn of the Uiwajy Ti act —Although mild C 3 stitis 
IS not uncommon during the couise of suipestifei infection, an infection 
of the uiinary tract as the predominant feature of the clinical pictuie 
is distinctly unusual Pyelitis has been repoited (Ssokoloft) Neukirch 
(1918) desciibed a case of pyelonephiitis in a 26 3 ^eai old man due 
to the Glasser-Volgadsen type of S suipestifer Ssokoloft lepoited a 
case of peiinephiic abscess which came to necropsy aftei a stoim 3 ^ illness 
of one month A pure culture of S suipestifei was giown fiom the pus 

THE BLOOD PICTURE 

The repoits in the hteiatuie are so meagei in legard to the blood 
that chief reliance must be placed on the cases reported from this hos- 
pital Table 3 displays the average white cell count at the time of the 


Table 3 — Leukocyte Counts 



Typhoid Like 

Pulmonarj 

Joint 


Picture 

Involvement 

IiivoU ement 

Xumber of cases 

19 

16 

8 

Average 

0,800 

14,080 

16,800 

Highest 

14,600 

80,000 

28,040 

Lowest 

1,700 

3,800 

4,000 

Number above 10,000 

1 

6 

*) 

Number below 5,000 

6 

3 

1 


patient’s admission to the hospital in the vaiious t 3 ^pes of infection 
m our cases It can be seen fiom these figuies that leukocytosis is to 
be expected in patients with localizing signs of infection, while a normal 
or low count is usual in the patients with typhoid-hke infection 

In contrast to cases of typhoid the development of complications 
dining the course of suipestifer bacteremia is usually associated nith 
marked leukocytosis Howevei, the white cell count in uncomplicated 
bacteremia tends to lemain at a low level throughout the illness In 
the cases among adults in which some associated disease was present 
the white cell count varied accoiding to the nature of the accompan 3 'ing 
illness 

A differential blood count has been made m so few pioved cases 
that the following figures aie of no great importance In sixteen cases 
the aveiages were as follows 11,800 ivhite blood cells, ol pei cent 
polymorphonuclears, 41 per cent l 3 nnphocytes, 4 pei cent inonoc 3 tes and 
otheis 4 per cent In eight of the cases the l 3 anphoc 3 Te count exceeded 
50 per cent In only three instances was an increase in the number of 
young myeloid cells evident, and eosinophilia ivas lepoited once The 
proportion of the various types of cells beais no i elation to the height 
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of the ^\hlte cell count dm mg the comse of the illness, except m the 
presence of an initial lymphocytosis, which disappeared rapidly in most 
instances at the end of the febrile period 

A slight degree of anemia is a fiequent finding The average hemo- 
globin value at the time of admission in the present senes was 75 per 
cent, with 4,200,000 red blood cells In most of the cases the anemia 
progressed slowly during the acute stage of the illness, but after the 
termination of the attack the normal level was soon leached This 
progression in the anemia was often observed, even when small repeated 
blood transfusions were being given 

BACTERIOLOGY 

S smpestifer is a gram-negative motile lod which gives the sugar 
fermentation reactions of the paratyphoid B gioup but can be differ- 
entiated from this organism by its failure to ferment arabinose, trehalose 
and inositol (Kuttner and Zepp) Andrewes and Neave showed b} 
absorption tests that there are two groups of suipestifer organisms 
Those of group 1 are diphasic, in that they contain two tj-pes of antigen, 
the specific antigen which chaiacterizes it and the nonspecific antigen 
which It has in common with group 2 Group 1 is the so-called American 
type described by Theobald Smith, and the Western European strains 
are usually of the group 2 type In the literature several strains are 
described by name which are cultuially and serologically related closely 
enough to be included in the present report (1) the American type, 
(2) the Kunzendorf, or Western European, type, (3) the Glasser- 
Voldagsen type and (4) the Oriental, or Eastern, type All of these 
strains are pathogenic foi animals, in which respect they differ from 
the closely related paratyphoid C bacillus described by Hirschfeld 

Cross-agglutination with other members of the group is so frequent 
that when oi dmary laboratory diagnostic serums are used one may be led 
to a false conclusion as to the causal organism It seems reasonable to 
assume that in instances in which one is not aware of the possibility 
of suipestifer infection an illness due to this organism might incorrect!} 
be diagnosed as parathyphoid fever In case 21 of the present senes 
paratyphoid B agglutinations were complete with the stock serums as 
high as 1 1,280, and only after additional sugar reactions were studied 
and more detailed serologic reactions were undertaken was the correct 
identity of the organism established 

A thorough knowledge of the serologic classification of the para- 
t}phoid group of organisms is necessary for the exact identification of 
the bacterium By absorption a type-specific serum can be produced 
which can serve to identify any strain b} direct agglutination if a 
reasonable number of organisms in the tvpe phase are present On the 



129 


HARVEY-SALMON ELL A SUIPESTIEER IRF ECHOS 

other hand, identification of a group cultuie will depend on the proper 
absorption of various type serums to remove type agglutinins foi the 
homologous strains (Topley and Wilson) 

Recognition of the possibility of cross-agglutinations together with 
further sugai tests will serve in most instances for the pioper lecog- 
nition of S suipestifer 

Blood Cultw e — Blood culture is the usual method by which the 
diagnosis is made evident It is fortunate that these organisms can be 
grown from the blood with relative ease and that bacteremia persists 
foi a relatively long period In fifty-thiee, or 74 per cent, of the seventy- 
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one proved cases, including the twenty-one cases in the piesent series, 
blood culture showed positive results at some time during the course 
of the disease From those cases in which the day of onset of the disease 
could be fairly accurately determined the figures presented in table 5 
were secured 

In contrast to most infections the bacteremia which is so commonl} 
seen m this disease persists for long periods, \et metastatic lesions are 
relatively infrequent Thirty-three per cent of the cultures taken dm mg 
the fourth week of the disease showed positive results 

The highest number of organisms per cubic centimeter of blood in 
any culture was 255 In this case the patient died Sixt}-fi'\e colonies 
per cubic centimeter were found m case 13 of the present senes, vhich 
did not end fatally 
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The AgglntinaHon Reactions — ^^¥hlle the presence of S smpestifer 
infection is usually proved by culture, agglutination of the serum of 
patients with unexplained fever has established the diagnosis in many 
cases In thirty-four of the seventy-one proved cases, of which twenty- 
one were m the present series, a positive agglutination reaction devel- 
oped In many of the cases reported in the literature no agglutination 
tests weie made, or they were attempted only once during the first week 
of the disease, so the foregoing figure is not accurate Titers as high 
as 1 12,800 are found, and in case 16 of this series agglutination was 
strongly positive in a 1 10,240 dilution Van der Hoeden and Hulst 
reported one case of pleural effusion in which the fluid obtained showed 
an agglutination titer of 1 400 

A rough idea of the agglutination titer during successive weeks of 
the disease can be obtained from table 6, which was compiled from the 

Table 6 — Agglutination Reactions 
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cases of the present series and a few obtained fiom the literature In 
the present series of cases 88 per cent of the patients showed an agglu- 
tination titer higher than 1 320 by the fourth week In seventeen of 
eighteen cases positive results were obtained, and in only one was the 
titer less than 1 160 In the dilutions mentioned practically complete 
agglutination occurred 

Few figures are available concerning the duiation of demonstrable 
agglutinins m the blood In one case a titei of 1 250 was still present 
two years aftei the acute illness occurred Titers of 1 500 eight months 
after recovery are known, and agglutination m a dilution of 1 2,000 
may persist foi as long as two months 

PATHOLOGY OF S SUIPESTIFER INFECTIONS 

Theie aie no specific lesions which are attributable to infection by 
this organism Acute splenic tumor, petechial hemorrhages in the 
serous membranes and cloudy swelling of the liver and kidneys are often 
present Focal areas of necrosis m the liver similar to those seen in 
cases of typhoid are frequently present 
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In the majority of cases no intestinal lesions can be discoveied, and 
the oigamsm cannot be giown from the intestinal contents Imolve- 
ment of the lower portion of the ileum and large intestine, with ulceia- 
tion of the mucous membrane and enlargement of the mesenteiic lymph 
nodes, has been desciibed, but complete bactei lologic studies of the 
intestinal contents weie not earned out in these cases, and they may 
have represented coexisting infection by some other organism (Neu- 
kiich, 1918) 

Although the oigamsm can often be obtained in pure culture fiom 
material from the lungs, bones and joints, kidneys, meninges and other 
lesions, the observations at autopsy are neithei grossly nor micio- 
scopically specific for infection with S suipestifer The oigamsm can 
usually be cultured fioiii the heait blood, the spleen and elsewheie as 
a secondary mvadei m a preexisting disease slate 

COMMENT 

It seems reasonable to assume that infections in human beings due 
to S suipestifer are fai moie common than is geneially lecognized 
In numerous cases a diagnosis of paratyphoid fever is undoubtedly 
made If in every bacteriologic laboratory the correct identification of 
organisms belonging to the paratyphoid B-Salmonella group weie faith- 
fully pursued the evidence of suipestifei infection would piobably 
inciease to a considerable degiee 

Associated zvith Othei Diseases — As most of the strains of S 
suipestifer aie not of great virulence, the frequent occurience of other 
■diseases in this group of infections is not surpiismg 

During the war outbreaks of this infection went hand in hand with 
pool nutrition, as manifested by scurvjq and severe exposuie to cold and 
wet The associated infection with plasmodia and the spirochete of Ober- 
meyer is not uncommon The organism finds fertile soil in a peison 
whose resistance is loweied by the presence of another disease oi in a 
young infant, whose powers of lesistance are not gieat Kobe reported 
the appearance of a subcutaneous abscess due to this bacillus in a 59 
year old diabetic patient Bosch commented on the increased incidence 
of the infection on the east coast of Sumatia during an epidemic of 
pneumonia among young children He noted too, the frequent occui- 
rence of combined malarial and Salmonella infection Numerous othei 
diseases might be mentioned w'hich have been associated with suipestifer 
infection gonococcic uiethiitis, arthritis, ischiorectal abscess, peri- 
uretheral abscess due to B coh, endothelioma and bacillary d} senter} 

Other diseases found in the present series are as follows rickets, 
mediastinal tuberculosis, phaiyngitis due to beta hemohtic streptococci 
congenital heart disease, rheumatic heart disease wuth myocardial failure 
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(a pure culture of S suipestifer was obtained in one case from the 
pericardial fluid), piegnancy, B coli cystitis, myomas of the uterus 
and hypernephroma 

Transmission from Contact and Among Members of the Same 
Family — Tui and Gartoch desciibed the illness of a 1 month old child 
which was charactei ized by pneumonia and articulai infection S 
suipestifer was cultured from the stool and synovial fluid Eighteen 
days after delivery the mother had a “typhoid-hke infection,” but no 
bactenologic study was made Suspicion of a relation of the infection 
in this case to the mother by transmission by means of the blood or 
milk was entertained but not established 

The patient reported on by Haynes and Meiks became sick during a 
period when the hogs on the farm Avere ill with cholera 

In one of Kuttner’s cases the parents gave a story of a febrile 
illness resembling that of the patient, and the mother’s serum agglu- 
tinated the oigamsm obtained from the blood of the patient In a 
second case the mother’s serum agglutinated the patient’s organism 1 80 
In case 6 of this series the patient had the infection m March 1935, 
and her cousin (case 10) had it the following May The brother of 
the sixth patient was ill in the middle of May with fever, abdominal 
pain and headache HoAvever, agglutination of the serum from eight 
members of the family proved negative Culture of the stool from 
both patients was consistently sterile, and no known source was 
discovered 

The difference between the infection as seen m adults and that in 
children is striking The incidence is higher, the course is milder and 
the number with articular manifestations is greater among those of the 
younger age group In contrast to childhood infection, association with 
some usually more important disease is found with great regularity 
among adults 

SUMMARY 

The literature on S suipestifer infections in human beings is 
reviewed, and twenty-one new cases are reported 

Epidemic outbreaks of food poisoning due to a known source of 
infection are common, but the infection is usually mild, and the mor- 
tality IS low 

Sporadic cases occur with some frequency in Baltimore 
Uncomplicated bacteremia simulating typhoid is the most common 
type of infection 

In some cases the predominant feature of the clinical picture may 
be pneumonia, osteomyelitis, pyarthrosis, meningitis, endocarditis or 
severe infection of the urinary tract 



HARVEY— SALMONELLA SUIPESTILER INEECTIOR 

Several cases of infection complicating suigical pioceduics are 
described 

It is believed that in cases of infection due to this oiganisin a diag- 
nosis of paratyphoid fevei is sometimes made, because of the frequency 
with which cross-agglutmations in high dilutions with paratyphoid B 
antiseium occur 

The organism can be giown readily fioni the blood stream, and tbe 
bacteremia often persists for a long time In the present series 88 pei 
cent of the patients had an agglutination titer of 1 320 by the fourth 
week of illness 

Thus far no specific pathologic lesions attiibutable to infection b} 
this organism have been described 

In children the incidence is highei, the couise is mildei and the 
numbei of articulai manifestations is greater 

In adults there is frequently an associated disease which is of piimaiy 
importance 

In the majoiity of the sporadic cases theie is no lecognizable souice 
of the organism in the body, and the mannei of entiancc is usually 
entirely unknown 

The majoiit}' of cases of suipestifei bacteiemia occui dm mg the 
first decade of life For patients less than 25 years of age the moitahty 
was 19 per cent, while for those over 25 it rose to 58 per cent 
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TREATMENT OF ESSENTIAL HYPERTENSION WITH 
A DEPRESSOR SUBSTANCE PREPARED 
FROM THE URINE 
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The treatment of essential hypertension with depressor drugs has 
been disappointing The use of depressor substances that are present 
normally in the body, such as choline, acetylcholine, histamine, adenosine 
and Its derivatives and guamdo-acetic acid, has not been extensively 
investigated, owing primarily to the fact that unpleasant or toxic symp- 
toms accompany their administration However, there are theoretical 
leasons for believing that one of these substances, to which the name 
kallikrein has been given by its discoverers, may be of value in lowering 
a pathologically high blood pressure The physiologic and chemical prop- 
erties of this substance have been discussed in previous publications^ 
This principle is presumably elaborated by the pancreas, it circulates 
in the blood stream and is eliminated in the mine, where it is present 
as a thermolabile colloid with certain rathei distinctive biologic reac- 
tions on which its identification lests These leactions are a fall in the 
blood pressure, with an increase in the amplitude of cardiac contraction, 
aftei intravenous injection into an experimental animal, and an antago- 
nism to the pressor effect of epinephrine when injected simultaneously 
with It The theoretical basis for its further tiial lies m the fact that 

From the Cardiovascular Research Department of the Santa Barbara Cottage 
Hospital 

1 Kraut, H , Frey, E K , and Werle, E Ueber die Inaktivierung des 
Kallikreins, Ztschr f physiol Chem 192 1, 1930 Frey, E K , Kraut, H , and 
Werle, E Ueber die Blutzuckersenkende Wirkung des Kallikreins (Padutin), 
Klin Wchnschr 11 846 (May 14) 1932 Frey, E K Kallikrein (Padutin) im 
Blut, Munchen med Wchnschr 80 125 (Jan 27) 1933 Kraut, H , Frey, 
E K , Werle, E, and Schultz, F Nachweis und Vorkommen des Kallikreins im 
Harn, Ztschr f physiol Chem 230 259, 1934 Elliot, A H , and Nuzum, F R 
The Pharmacologic Properties of an Insulin-Free Extract of Pancreas and the 
Circulatory Hormone of Frey, J Pharmacol & Exper Therap 43 463, 1931 
Nuzum, F R, and Elliot, A H Insulin-Free Pancreatic Extract and the 
Circulatory Hormone (Kallikrein of Frey and Kraut) California & West Med 
39 361 (Dec ) 1933 
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its average concentration in the urine of a group ot persons with essen- 
tial hypertension was found, particularly in young subjects, to be con- 
siderably below normal “ This suggested that if the concentration in 
the blood of this depressor principle were laised in such subjects b\ 
hypodermic injection, a decrease in the blood piessure might result, 
particularly if by this means a tuie substitution therapy had been 
evolved 

The continental literature^ contains a number of favorable leports 
regarding the use of the depressor substance called kalhkrein m the 
treatment of hypertension Frey,‘’“ who has most forcibly called this 
drug to the attention of the members of the medical profession, men- 
tioned four patients with fixed hypertension m whom the blood pressure 
fell for a period of from six to eleven months after a series of injec- 
tions The most enthusiastic paper was that of Scharpft,^*’ based on 
the study of thirty institutional patients m whom the usual methods 
of therapy had been used without avail After from eight to ten injec- 
tions a fall in the blood pressure occuried m all the patients, except 
those with malignant hypertension or contracted kidneys The author 
stated that he believed that this substance acts physiologically m the 
manner of a hormone and is the best means yet available for lowering 
the pathologically high blood pressure 

A substance called vagotonine,^ a prepaiation made from the pan- 
creas and probably diffeient from the substance called kalhkrein, has 
recently been reported as a most satisfactory drug for the treatment 
of hypertension 

This paper is a summary of the response of the blood piessure of 
a group of hypertensive patients to intensive and prolonged medication 
with a depressor substance prepared from the ui me 

2 Elliot, A H , and Nuzum, F R The Urinary Evcretion of a Depressor 
Substance (Kalhkrein of Frey and Kraut) in Arterial Hypertension Endo- 
crinology 18 462 (Aug ) 1934 

3 (o) Frey, E K Kreislaufhormon und innere Sekretion, Munchen med 

Wchnschr 76 1951 (Nov 22) 1929 (b) Scharpff, W Die Behandlung der 

Hypertonic nut dem Frey-Krautschen Kreislaufhormon Padutin (Kallikiein) 
Deutsche med Wchnschr 57 675 (April 17) 1931 (c) Leschke, E Erfahr- 

ungen nut dem Kreislaufhormon Kalhkrein, Munchen med Wchnschr 77 1524 
(Sept 5) 1930 (d) Binswanger, H Einige Beobachtungen mit dem neuen 

Kreislaufmittel “Kalhkrein,” Deutsche med Wchnschr 57 1057 (June 19) 1931 
(e) A New Internal Secretion of the Pancreas foreign letter T 4. Af A 95 
676 (Aug 30) 1930 

4 Marklen, L , Vidacovitch, M, and Franck, C Ph^slologIc Basis of Ther- 
apy by Vagotomne (Pancreatic Hormone), Presse med 41 1745 (Xo\ 11) 1933 

5 The preparation used was essentialh the same that which Frev dc'-enhed 
and called kalhkrein 
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METHODS AND SUBJECTS 

Methods of preparing this principle from urine have been reported m detail 
elsewhere® The first batches were made after the method of Frey, these were 
crude and when given resulted in local subcutaneous reactions Later batches 
became pure, and a concentration of units up to 10,000 per milligram of dried 
material was obtained This substance when dissolved could be given in large 
doses subcutaneously without producing a local or a systemic reaction The mate- 
rial was given daily or thnce weekly by intramuscular injection in doses varying 
from SO to 5,000 biologic units over a period of weeks or months, to reach a total 
dose of from 2,300 to 64,000 units No immediate response of the blood pressure 
or toxic reaction was observed Occasionally after from six to twenty-four hours 
mild systemic protein reactions occurred, which, with the purer preparations now 
at our disposal, have been obviated 

The subjects treated were carefully chosen Seven of them, four of whom 
were males, were less than 40 years of age Four of these patients were suffering 
from an early stage of essential hypertension The blood pressure in each case was 
occasionally within normal limits, but the frequent occurrence of fairly high systolic 
readings, together with a slight degree of cardiac enlargement, justified the 
diagnosis of hypertension This group of patients was watched over for a long 
time with particular interest because the urinary output of the depressor substance 
0 as below normal and because, with the possible exception of one patient, who 
was suffering from mild thrombo-angiitis obliterans, the disease was unaccom- 
panied with vascular degeneration Each of the remaining six patients, three 
of whom were more than 40 vears of age, had a higher and more fixed blood 
pressure and showed some evidence of organic vascular changes 

The true evaluation of any therapeutic measure m essential hypertension is a 
difficult matter, and results are easily misinterpreted unless a suitable technic of 
investigation is scrupulously adhered to The present study was therefore con- 
ducted in the following manner 1 Readings of the blood pressure were made 
by the same observer at the same time of day for each patient Before a reading 
was made the patient rested for ten minutes in a semidarkened room 2 Control 
determinations were made over a period of at least ten days before the injections 
were started 3 No medication other than the depressor substance was given, 
except for injections of colored water as a part of the control observations 
4 The total period of observation was at least fifty days, while several of the 
patients w'ere followed for over a year 5 Ps 3 mhic suggestion was carefully 
a\oided in every instance, each patient understanding that he was subjecting 
himself to an experimental investigation which might w'ell prove of no benefit 
For these reasons the group was necessarily small 6 The data were discarded for 
anj, patient in whom some disturbing environmental influence, such as intercurrent 
illness or familv woriw, appeared Enough blood pressure readings were taken 
during the control, treatment and follow-up periods to allow a satisfactory statis- 
tical anahsis m each case 

RESULTS 

In the accompanying table the mean blood pressure and the length 
of the control, treatment and follow-up periods, together with other 
pertinent data, are gnen for each patient The standard deviations, 
as a measure of the predictable vaiiabihty of the average blood pressure 

6 Bischoff F and Elliot, A H Purification of the Depressor Colloid 
m Urine (Kalhkrcm), J Biol Chem 109 419 (April) 1935 
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during these periods, have been calculated In general the lesults are 
disappointing Only two patients (A W and W R ) showed a signifi- 
cant fall in the mean blood pressure during or following the period 
of treatment That the magnitude of the fall in these subjects was 
slight, even though fairly consistent, is well illustrated by chart 1 
(W R ) Since the blood pressure of each of the remaining patients 
did not change, we are inclined to attribute this result to some alteration 
of factors in the envuonment of these patients which was beyond our 
knowledge and control 

No appreciable amelioiation of symptoms was evident in oui patients 
as the result of the administration of the depiessor substance During 
the period of treatment one patient had a cerebral hemorrhage, and 




I 


‘li ii ' k '■ 


Chart 1 — ^Urinary excretion of the depressor substance by W R Note that 
the fluctuations are independent of the volume of urine excreted In charts 1 to 3 


D represents the depressor substance 


another had coronary occlusion It is unlikely that there was any causal 
relationship, but these accidents indicated that the natural course of 
the malady was not stayed by this method of treatment 

Changes in the Urmury Outptif of the Depiessoi Substance — The 
concentration of the depressor substance in the twenty-four hour speci- 
mens of urine was determined daily before, during and after treatment 
in four instances (F S , E W W R and J K ) The changes in the 
output of urine were of two general types, as shown in charts 1 and 2 
In the case of W R (chart 1) the daily concentration of the depressor 
substance fluctuated widely during the control period, but the average 
output was less than that of a noimal subject of the same age Shoitly 
after treatment was begun the concentration began to fall, until at the 
conclusion of the treatment period it had decreased by approximately 
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80 pei cent, at which level it remained for one month It vill be noted 
that this change was not dependent on a lessened volume of unite 
Studies of the renal function, initiall}. showing an excellent lenal 
reserve, were not conducted during the time that the urinary output 
of the depressor substance was low, so it is impossible to sa}- vhether 
a temporary impairment of renal function existed It is of mteicst that 
the blood piessure was slightly loweied during the peiiod of treatment 
in this instance In chait 2 a more irregular t 5 ''pe of i espouse is illus- 
trated The urinary concentiation of the depiessoi substance lose during 
the early days of treatment from an extiemely low initial level The 
curve for the excretion then became loughly diphasic Aftei sinking 



Urinary 0 

Chart 2 — Urinary excretion of the depressor substance bv E W The period 
of treatment is represented by double lines and solid circles 

to the control level it lose above this towaid the end of tiie period of 
treatment, when large doses of the depiessoi substance weie being given 
There was no significant change m the blood piessure, except for a 
final use when apoplexy supeivened The late of excietion m the 
remaining two instances was inconstant, but the shape of the curve iias 
in geneial similar to that shown in chait 1 

In an attempt to study this matter fuithei. the depicssor substance 
was given to rabbits by the intiamuscular and intravenous routes The 
total excretion of urine, as measuied from samples collected oier period*^ 
of three days, was followed A typical protocol is illustiated bi chart 3 
While the injections weie being gnen there was a pronounced mcrea'^e 
in the urinary content of the depressor substance, iihich in one specimen 
was twice that of anj'’ specimen collected during the control period 
The total increase was seveial times greater than could be accounted 
for by the total amount of the depiessor substance injected When the 
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diug was given by the intravenous route, the uiinary concenti ation 
was extremel}'^ depressed during the period of injection and rose to, 
but not above, the control level when the injections were stopped We 
cannot satisfactorily inteipiet these results, and it is likely that an 
adequate explanation will not be forthcoming until the level of the 
depressor substance in the blood can be successfully determined 

It should be added that the samples of uiine were tested for depies- 
soi activity both before and aftei boiling In conformity with our 
previously repoited results, we found that approximately one fourth 
of the depressor principle was heat stable and that this relationship 
for the most part held true legardless of fluctuations in the total amount 
of depressor substance excreted 



Chart 3 — The effect of the intramuscular injection of the depressor substance 
into a rabbit on the amount excreted m the urine The period of injection is 
represented by double lines and solid circles 

COMMENT 

The inability of this method of treatment consistently to lower the 
blood pressure of the patients needs no further comment The obser- 
vations on the urinary excretion of the depi essor substance have pi oved 
disappointing, in that no unifoim or predictable tiend was discernible. 
At the outset of this study it was hoped that, coincident with a fall in 
blood pressure due to the administration of the depressoi substance. 
Its urinary output might rise to a normal level and thus confirm a causal 
relationship between tbe clinical result and the method of treatment 
employed This would have suggested that a restoration to normal 
equilibrium between pressoi and depressor elements of the blood stream 
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had been accomplished by a tiue substitution tbeiap\ Iio\\e\ei, tins 
attractive hypothesis was not confiiined by the lesults obtained in this 
study 

SUMMARY 

A depressor punciple piepaied fiom the uiine has been gnen h\po- 
dermically under caiefully conti oiled conditions to ten patients vuh 
essential hypei tension 

A slight but statistically significant fall in blood piessiiie lesultcd 
in two instances The blood piessuie of the leniaining patients was not 
influenced 

The symptoms piesented by these patients were not ameliorated, 
and there was no indication that the couise of the disease was favoiabl} 
influenced 

In four instances the daily uiinaiy excietion of this substance was 
determined throughout the peiiod of obseivation No consistent change 
in the concentiation could be demonstiated Similar obseivations con- 
ducted on rabbits likewise weie inconclusive 

The use of this punciple hypodeimically foi the tieatment of essen- 
tial hypertension cannot be legaided as a substitutive theiapeutic 


measure 
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ALLERGY 

A REVIEW OF THE LITERATURE OF 1936 

FRANCIS M RACKEMANN, MD 
Associate in Medicine, Harvard Medical School , Physician, the Massachusetts 

General Hospital 
BOSTON 

Another yeai has gone by since my last review ^ appeared , again a 
large number of papeis on allergy have been published The Joinnal of 
Allergy contains many of these It has an abstract depaitment which 
has been greatly impioved and developed in a wider scope, and it 
includes also a series of special reviews on certain phases of the study 
of allergy Hansel ^ has written on allergy as related to otolaryngology 
and ophthalmology, Feinberg® has reviewed the progiess m asthma, 
Sulzbeiger^ has written on allergy in deimatology, and Walzer® has 
renewed the immunology of cutaneous tests Each of these reviews 
IS good 

In the following summaiy the selection and aiiangement of the 
material must depend largely on my own peisonal interest, and I realize 
that this present combination can satisfy only the general reader All 
who are really interested must go to the original sources, which are so 
easily available If the attention of the reader, whether general or 
special, IS guided into profitable channels, I shall be lepaid foi perform- 
ing a difficult task 

Some progress has been made in the diagnosis and treatment of 
what may be called clinical allergy, but greater pi ogress has been made 
in another direction Allergic conditions, especially hay fever and 
asthma, aie coming to be regarded not so much as separate diseases 

From the Allergy Clinic and Laboratory, the Massachusetts General Hospital 

1 Rackemann, Francis M Allergy A Review of the Literature of 1935, 
Arch Int Med 57 184 (Jan) 1936 

2 Hansel, French K Annual Review of Allergy as Related to Otolaryngol- 
ogy and Ophthalmology Literature for 1935, J Allergy 7 164, 1936 

3 Feinberg, Samuel M Progress m Asthma Literature for 1934 and 1935, 
J Allergy 7 268, 1935 

4 Sulzberger, Marion B Allergy in Dermatology' A Discussion of 
Recent Contributions and Their Relationship to Earlier Dermato-Immunologic 
Studies, J Allergy' 7 385, 1936 

5 Walzer, Matthew Immunology A Critical Review of Some Recent 
De\elopments m the Field of Allergy', J Allergy 7 597, 1936 
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as the outwaid expiession of a peculiai leaction which ma\ aftei all 
be meiely the exaggeiation of a normal i espouse More and moic 
evidence is at hand of the correlation of the reaction which is teimcd 
clinical alleigy with similar reactions observed in infectious diseases 
as well as with other leactions observed in laboiatory animals piepaicd 
and tested in particular ways The base on which allergy rests is 
becoming bioader, and the conception of the extent to which alleigic 
reactions occui in the clinic is likewise broader The relationship of 
hay fevei, asthma, eczema and serum disease to acute infectious piocesses 
like pneumonia and trichinosis and to chionic infections like tubeiculosis 
as well as to expeiimental anaphylaxis is being considered actively It 
becomes evident that the study of alleigy is not a narrow, specialized 
field but requiies a bioad understanding of the behavior of the animal 
body in its effort to rid itself of foreign piotems under many different 
conditions 

The immunity of the tissues as opposed to the immunity of the 
organism as a whole is leceiving inci eased attention The natuie and 
particularly the function of the local lesponse of the tissues to foreign 
materials of vaiious kinds applied in \arious ways aie being studied 
In the review of last year consideiable attention was paid to the 
observations of Jones and Mote® and otheis that when a guinea-pig is 
given repeated daily injections of a foieign piotein, like egg white oi 
horse serum, a local leaction is observed as early as the third oi fourth 
day and consists of a red inflammatoiy lesion, corresponding to the 
tuberculin reaction Later, on the seventh or eighth day, the local 
reaction changes to swelling and edema characteiistic of the urticarial 
reaction which is associated with clinical allergy, and at this same time 
too, antibodies first appear m the circulating blood As Dienes wi ites 
in an excellent review of this whole subject, “The first manifestation of 
the specific response is not the appearance of the antibodies m 

the circulation but a hypersensitiveness of the tissues ” The tissue 
response comes early and is independent of antibodies It is not an 
inflammation in the strict sense but rather an attempt of the bod}’’ to 
wall off and localize the infection It is part of the resistance of the 
animal It comes eaily m the piocess of immunization and befoie the 
development of circulating antibodies This eail} tuberculin-like reaction 
IS a function of the tissues themselves and is not m any sense a secondarj 
response dependent on the aiiival of antibodies m these tissue'^ In 

6 Jones, T Duckett, and Mote, John R The Phases of Foreign Protein 
Sensitization in Human Beings, New England J Med 210 120, 19o4 

7 Dienes, L The Specific Immunity Response and the Healing of Infec- 
tious Diseases Significance of Active Immumh and the Connection^ Between 
the Immunity Response and the Anatomic Lesions Arch Path 21 157 fM-’rch ' 
1936 
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this way, Dienes explains that the reaction called bacteiial alleigy 
represents a true phase in the de\elopment of the immune process It 
IS an indicator of active immunization of the tissues, and it gives use 
to those anatomic lesions which serve to localize the infection Dienes 
lays some stiess on this and justifies his position in several ways, notably 
by saying that all attempts to produce the tubercuhn-hke reaction pas- 
sively with immune serum have failed This injection of such immune 
serum lesults only in the anaphylactic type of response Desensitization 
may abolish the urticarial reaction tempoiarily, but in spite of this a 
resistance of the tissues persists and can be demonstrated at all tunes 
by appropriate tieatment The desensitized animal is not in the condition 
of a noninfected animal 

Reuben L Kahn® has lecently written a book of seven bundled 
pages on this subject In it he too lays stress on the independence of 
tissue reactions, on the one hand, and systemic reactions as shown by the 
development of circulating antibodies, on the other Like the lattei, 
the former also may be highly specific Kahn emphasizes that allergic 
reactions, indeed inflammation in general, have a function The ledness 
and swelling which develop at the site of inoculation represent piimaiily 
the effort of the tissue to fix the foieign substance or the bacterium 
and thus to pi event it from spreading throughout the host This local 
immunity varies with certain tissues The skin, for example, has a 
much greater reaction capacity (immunity) than does muscle If 
staphylococci obtain a foothold in the skin, they are walled off quickly, 
and the dangei to the body as a whole is slight , in the muscle, howevei 
the local i espouse is less violent, and walling off is less effcient Hence 
deep staphylococcic infections may be dangerous The role of the tissues 
in the resistance of the animal is vital From his studies of tissue leac- 
tions Kahn believes that hypersensitiveness, or alleigy, is meiely an 
exaggeiation of the normal immune process 

The Shwartzman phenomenon is closely related to allergy even 
though there is still doubt as to its true nature When an animal 
(rabbit) is treated with toxin mtracutaneously and then after an 
incubation period receives a dose of that same toxin mtiavenousty, the 
treated cutaneous sites will show an extensive reaction, with severe 
inflammation and necrosis As is well known, this reaction is produced 
b}'^ specific and also by nonspecific means Jules Freund,® foi example, 
has shown m rabbits that the intravenous injection of starch will cause 
a leaction to appeal at the site of a previous intracutaneous dose of 

8 Kahn, Reuben L Tissue Inimunit 3 ’’, Springfield, 111 , Charles C Thomas, 
Publisher, 1936 

9 Freund, J, and Hosmer, E P Hemorrhagic Reaction [Shwartzman 
Phenomenon] at the Site of Injection of Toxins After Intra\enous Injection 
of Starch in Young and Adult Rabbits, J Immunol 29 279, 1935 



I? AC KEMANy—ALLCRG 5 


N7 

toxin In anothei expeiiment he has sho\Mi that ^^hcn hltiatcs of 
vaiious organisms aie injected intiavenouslj the tieatment iiiil lesull 
in violent lesions at the site of pi ei ions cutaneous tests with tubcicuhn, 
horse seium or silvei nitrate Incidentall) , these toxins cause much 
moie leaction in tuberculous than in noimal animals By means of llie 
Shwartzman leaction, vaiious attempts have (leen made to explain the 
mechanism and clinical pictures of common diseases Last year foi 
example, the inteipietation of a syphilitic chanci e on this basis \ias 
desciibed Now comes a i epoit fiom Sanaielh m a leltei published m 
The Journal of the Ameucan Medical Association, that vaiious acute 
distuibances chaiacteiized by heinorihage and neciosis, such as choleia or 
even appendicitis, maj^ depend on a local sensitiveness of the tissue, 
which IS lighted up by the sudden piesence of toxic substances in the 
blood stieam 

In all studies of alleigy in animals as well as in man, the expeii- 
mental technic is of gieatest importance McEwen and Swift” 
describe their studies of the leactions of labbits to the injection of 
bacteiial substances When then animals weie treated intiavenously, 
seium antibodies i cached a high litei, but the extent of the cutaneous 
hypersensitiveness was only model ate The cutaneous leactions weic 
immediate and of an urticaiial type When, however, other animals 
were treated intracutaneously, hardly any ciiculatmg antibodies devel- 
oped, while the cutaneous tests showed a stiongly positive leaction of 
the delayed tuberculm-like type When wdiole oiganisms, that is, 
formed elements, weie used foi the piepaiation, inoie ciiculatmg anti- 
bodies (precipitins) developed, and the cutaneous tests of the immediate 
type showed positive leactions to the piotein P and the caiboh}diate S 
fraction as well as to the whole organism When howfe\er. the original 
treatment was with the P fraction oi the S fi action alone, then the 
leactions in both serum and tissues w'^ere cbiefl}' to the paiticulai frac- 
tion used The woik indicates that the induction of leactions of the 
immediate type lequiies something moie than the presence of a higli 
serum precipitin titer to the substance in question Cutaneous leaction^^ 
and seium antibodies aie not ahva3's paiallel 

Stevens and JordanN" describe the lesults of tests with raiious 
bacterial nucleopi oteins m patients wuth asthma The> too show that 

10 Hemorrhagic Allergy, foieign letter, JANA 107 1823 (Xo\ 28) 
1936 

11 McEwen C, and Swift H F Cutaneous Reactuitj of Immune and 

Hypersensitive Rabbits to Intradermal Iniections^ of Homologous Indifferent 
Streptococcus and Its Fractions, J Exper kled 62 3/ , a , t-, , , 

12 Stevens, F A , end Jordan., L Behavior of In,n,ed.alc and Delavcd 
Cutaneous Reactions to Bactenal Nncieop.ote.ns ,n Astlunat.c Pat.ents, T Imnu.nol 

31 51, 1936 
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delayed inflammatory reactions and immediate mticanal reactions are 
closely related, as will be described presently 

In making an analysis of experiments of this kind, the student 
must note several important points the choice of animal, the treat 
ment by which sensitiveness is produced and, finally, the material used 
and the method of application to elicit the reaction Apparently it is 
true that the urticarial reaction occurs only when the preliminary treat- 
ment has resulted in the production of circulating antibodies In animals 
inoculated with living organisms or with whole killed organisms (formed 
elements) immunity of this sort is produced and cutaneous tests of the 
immediate type can be readily demonstrated When, however, the ani- 
mals are treated with extracted material, such as bacterial nucleoprotem, 
a delayed cutaneous reaction, of slight extent, is often obseived, the 
mticanal reaction, never Under special conditions, treatment with a 
caibohydrate substance alone may result in the production of an imme- 
diate reaction Are these new reactions temporary or permanent ^ How 
long can they be demonstrated in the animal or in the patient^ Mote 
and Jones’-® followed their oiiginal patients for two years and found 
that with the passage of time the urticarial leaction obseived at the 
height of the response fades off slowly until all that is left is a small, 
led, inflammatory, tubercuhn-hke response to the test dose Simul- 
taneously, the antibodies disappear slowly from the serum in corre- 
sponding fashion This, in itself, is some evidence that the relation 
between the delayed inflammatory reaction and the immediate urticarial 
leaction depends on a quantitative rather than a qualitative basis 

Stevens and Jordam have studied the reactions of asthmatic 
patients to various bacterial substances injected intracutaneously In 
their patients the findings were much the same as in the experimental 
animals, except perhaps that m the patients the individual variations 
were greater Immediate and delayed reactions occurred at the same 
time and to the same organism More commonly, however, the 
nucleoprotem of one culture showed a delayed reaction while a similar 
preparation from another showed an immediate response The authors 
studied also the duration of their tests and made the interesting obser- 
\ation that when once the tendency to give an immediate or delayed 
reaction was acquired, a similar response was obtained when the reac- 
tion was elicited at a later period This fact fits in with the clinical 

13 Mote, John R , and Jones, T Duckett The Development of Foreign Pro- 
tein Sensitization in Human Beings, J Immunol 30 149, 1936 

14 Stevens, F A , and Jordam, L Reactions to Intracutaneous Injections 
of Nucleoproteins of the Upper Respiratorv Pathogenic Bacteria in Asthmatic 
Patients T \llerg\ 7 443, 1936 
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observation that in many chronic diseases the reactions to ncn and 
lecuirent attacks are much like the old reactions Thus, in ihcumatic 
fever a new cold will cause a new flare-up in the joints, ^\hercas m 
asthma a new cold will cause bronchospasm Incidentally, Ki ausc ’ " 
observed some time ago that a new attack of bronchitis is likch to 
begin in precisely the same part of the lung as the former attack In 
allergy, one speaks of shock tissues in the effoit to explain \\h} it is 
that of two subjects sensitive to pollen, one will have hay fevci and 
the other asthma Obviously, the differences depend on changes in the 
tissue leactivity of certain areas 

Swift and Schultz^® have woiked on the syneigic eflect of two 
substances affecting the animal at the same time They have confiimed 
the findings of Burky that the capacity of beef lens extiact to pioducc 
sensitiveness in rabbits is gieatly enhanced if the extiact is mixed fust 
with staphylococcus toxin Fuitheimore, the effect is obseived eien if 
the two substances aie injected separately and perhaps with an inten.il 
of several hours between the doses If the animal is immune to stapln- 
lotoxin, the toxin is neutialized in vivo, and the syneigic effect is lost 
Neutralization m the test tube, however, does not pi event the leaction 
In other experiments Swift and Schultz found that the addition of 
horse seium likewise increased the antigenicity of the lens extiact, 
although to a less extent than did the addition of toxin In discussing 
their observations, the authois state their belief that the toxin piobabh 
acts as a stimulant to the antibody-pi oducing cell lather than makes 
a new combination with the antigen That neutialized toxin will woik 
as well as native toxin and that hoise serum also is effective is intei 
estmg even though the reason is obscure 

The pneumococcus lemains the favorite object of study, no doubt 
because its specific capsulai substance is well defined and can be 
separated from the bacteiial protein The chemical methods of this 
procedure have been revised and impioved by Heidelberger and his 
co-workei s 

15 Krause, A K Chronic Pulmonarj Infections in Chiklhooci ^nn Ini 
Med 4 1424, 1931 

16 Swift, H F, and Schultz, M P Studies in Sincrco The Smercic 
Action of Staphidotoxin and Beef Lens Extract in Rabbits, J Expcr Afcd 
63 703, 1936 

17 Swift, H F, and Schultz, M P Studies in Sinergi Sinergic Stimu- 
lating Effect of Hypersensitivit% to Foreign Protein and to Bactcrn T Expcr 
Med 63 725, 1936 

18 Heidelberger, M , Kendall, F E, and Scherp, H W The Specific 
Polysaccharides of Types I II and III Pneumococcus A Rcmcw of McJi- 
and Data, J Exper Med 64 559, 1936 
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Harley has studied the relationship of allergy, anaphylaxis and 
immunity to pneumococci and has found another factor in the technic 
Treatment with viiulent S forms containing the soluble specific sub- 
stance will piepare the animal so that it will react later to cutaneous 
tests with the caibohydrate On the other hand, treatment with avirulent 
R forms does not have such an effect, although in this case a sensitive- 
ness to the somatic P fraction can be demonstiated Treatment with 
the whole vaccine results in responses which are variable, because 
obviously the material used is a mixture Harley’s article contains a 
number of mteiesting charts 

The mechanism of desensitization in anaphylaxis has been studied by 
Morris Long ago, Richard Weil pointed out that passively sen- 
sitized guinea-pigs can be protected against shock by an excess of anti- 
body, and Dale and Kellaway^^ demonstiated that a reaction of the 
sensitized uteius can be prevented by adding antibody to the bath 
Morris repeated these old experiments but could not confirm them 
After the treatment of sensitized animals with immune serum, the reac- 
tivity was reduced a little but not much Furthermore, Morris showed 
that some protection could he obtained by nonspecific means, with salts 
and lipids and with foreign serum which was nonspecific This pro- 
tection was temporary, and soon sensitiveness reappeared, no doubt 
because of the peisistence of traces of antigen in the original sensitizing 
serum She argues that if desensitization was due to the saturation of 
cellular antibodies by a sublethal dose of antigen, then additional anti- 
bodies should resensitize the animal The fact is, however, that attempts 
to resensitize were ineffective Guinea-pigs passively sensitized with 
antipneumococcus hoise serum weie desensitized with the bacterial 
carbohydrate substance and then were given a supposedly shocking dose 
of normal horse seium Nothing happened The cellular antibody was 
not blocked In the reverse expeiiments. Moms could show that ani- 
mals passively sensitized with the same antipneumococcus serum and 
then desensitized with horse serum could withstand multiples of the 
fatal dose of the pneumococcus carbohydrate Their reactivity had 
been reduced so that allergy was no longer important, but their resis- 
tance to infection was still at a high level In spite of the fact that 

19 Harlev, D Pneumococcal Allergy, Anaphylaxis and Immunity, J Path 
& Pact 41 491, 1935 

20 Morris, Marion C The Relation Between Antianaphylaxis and Anti- 
body Balance I The Role of Excess of Circulating Antibody in Hypersensitive- 
ness, J Exper Med 64 641, 1936 , II The Effect of Specific Desensitization 
upon Resistance to Infection and upon Antibody Balance, ibid 64 657, 1936 

21 Weil, Richard Anaphylaxis, J M Research 30 299, 1914 

22 Dale, H H, and Kellavay, C H Anaphylaxis and Immunity in Vitro, 
J Phjsiol 54 cxliii, 1921 
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the animals had been desensitized, a difteient test showed that the anti- 
body content was not depleted In these expeiiments dealing’ with 
carbohydiate and the immediate reaction to it, it appears that descnsiti- 
zation IS not concerned with a i eduction m antibody but depends on some 
other change, a nonspecific one, m the animal In studying the dis- 
appearance of a leaction to the tubeicuhn test during fevei, Pilcher - 
found that the reaction to the cutaneous test wuth codeine, wdiicli is 
positive in most normal persons, necame negative during the fever and 
the rash of measles and scailatina The hbeiation of PI substance had 
induced a ref ractoi mess to wdiealing 

Mills and Dragstedt made an attempt to produce a blockade of 
the reticulo-endothelial system with iiidia ink, but in spite of this tieat- 
ment it was easy to sensitize the animals to horse serum and latei to 
cause anaphylaxis in them Incidentally, Geinez"^ had the interesting 
idea of mixing serum with fatty substances in older to delay absorp- 
tion Mixtures of horse serum wuth hydious wool fat or olive oil 
resulted m sensitization as usual and in comparable doses, but w'hen 
sensitized animals weie tieated with the mixture subcutaneousl)- and 
then several hours later weie given a fatal dose of horse seium intra- 
venously, half of them survived Specific desensitization had been 
accomplished to some extent, showung that the oil had delayed the 
absorption In considering expeiiments on anaphylaxis in guinea-pigs, 
the findings of Zinsser and Enders are inteiesting The authors 
could show that in the passive anaphvlaxis experiment the time factoi is 
not necessary If the antibody and the antigen are both given intra- 
venously, reactions will occur even though the two materials are injected 
at the same time , indeed the antibody may be injected some tune aftei 
rather than before the antigen How^ever this “reversed” passne 
anaphylaxis can be demonstrated only in ceitam bieeds of guinea-pig'? 

A little moie light has been thrown on the background of alleig) 
It IS conceivable that a vitamin deficiency could explain the incidence 
of clinical hypersensitiveness Hochw'^ald studied the antialleigic 

23 Pilcher, J D Local Skin Reactions in Aleasles and Scarlet Feicr in 
Relation to the Intracutaneous Tuberculin Reaction, Am Re\ Tuberc 31 568 
1935 

24 Mills, Moore A , and Dragstedt, Carl A The Reticulo-Endothelial S\ stem 
and Anaphylaxis in the Dog, J Immunol 31 1, 1936 

25 Gernez, C Attempts at Anaphv lactic Sensitization and Desensitization 
of Guinea-Pigs by Mixtures of Serum and Lanolin (H\drous Wool Pat), 

Compt rend Soc de biol 120 186, 1935 

26 Zinsser, H, and Enders J F Variations in the Sv^scepUbihU of 
Guinea Pigs to Reversed Passive Anaplwlaxis, J Immunol 30 o27, ]9 j6 

27 Hochwald, A Antiallergic Properties of Vitamin C Zentralbl f lun 

Med 56 769, 1935 
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pioperties of vitamin C and found that when 100 mg of cevitamic 
acid was given to sensitized guinea-pigs a few minutes before the 
shocking dose, 18 of 29 animals had no symptoms However, if the 
■vitamin was given from two to foui hours beforehand, no protection 
lesulted In other experiments, Hochwald found that treatment with 
glutathione shortly before the shocking dose also gave protection 
Since the short interval of time is so important, the author concludes 
that protection of this sort cannot depend on vitamin storage but must 
be based on a mechanism similar to that of protection which follows 
the injection of vaiious colloidal substances 

Solomonica,"® working with vitamin C, obtained diffeient results 
In his work the time relation was different When his animals were 
given doses of vitamin C subcutaneously prior to and during the sensi- 
tizing period, many of them suivived If, however, the doses were 
given during the last two weeks oi only shortly before shock, the pro- 
tection was much less Solomomca’s experiments were suggested by the 
observation that such endocrine preparations as anterior pituitary 
extracts and estrogenic substances seemed to inhibit anaphylactic shock, 
and he thought that the reasons might depend on the known fact that 
each of these preparations contains quantities of vitamin C 

Comparative studies of the rat and guinea-pig have long been 
contemplated because of the striking contrast m the immunologic 
behavior of the two animals Pratt was successful m producing 
symptoms of anaphylaxis m white rats, but none of his animals died, 
and all efforts to demonstrate specific reactions m the isolated uterus 
were unsuccessful 

Granted an allergic animal, how does sensitization develops Ten 
years ago Matthew Walzer describe an observation which is of real 
importance m suggesting a method of approach to a better knowledge 
of the physiology of the absorption of protein He presented evidence 
that under certain circumstances protein can be absorbed unchanged 
into the blood stream Since Walzer’s first demonstration, it has been 
found that if small doses of serum from highly sensitive patients are 
injected into the skm of normal human recipients, according to the 
method of the Prausnitz-Kustner experiment, specific reactions can be 
produced m the spot of injection by treatments of three kinds 1 Walzer 
fed the antigen (egg white or fish) to a fasting subject 2 L N 

28 Solomonica, B Vitamin C and Anaphylactic Shock in Guinea Pigs, J 
Immunol 31 209, 1936 

29 Pratt, Henrj^ N Studies of Anaphylaxis in the Albino Rat •with Reference 
to Diet and Histamine, J Immunol 29 301, 1935 

30 Walrer, M A Direct Method of Demonstrating Absorption of Irtcom- 
pletelj Digested Proteins m Normal Human Beings J Immunol 11 249, 1926 
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(ku ' injcLtcd ihc .inligcn (lagwecd) subcutaneously 3MB 
Cohen"- u^cd inhalation of the antigen (lagweed) in the form ot 
Cl luic di_\ jiollen In each case thcic was a flaie-up in the passively 
■^enciti/cd slvin llic'^e expeiiments weie described in the leview of 
the htciatuie of 1935 Ihe} are inteiesting partly because they point 
t<T a coiiinion pnncijile in the pioduction of alleigic symptoms following 
contact vith the .dlergen and pailly because they suggest that the anti- 
"cn it'-elf — cren m spite of being m such an enoimous molecule as 
osg globulin — IS absoilicd unchanged into the blood stream Walzei 
lias iccontli published his serenth papei on this pioblem, in it he shows 
that vheii the stomach is h}pciacid the appcaiancc of the cutaneous 
uactioii IS dela\cd foi fiom an .neiage of seventeen minutes to twenty- 
fom minutes \lo\andei, Shiile) and Allen have investigated the 
muu i)\ vhich n.Une piotcm can cntei the blood To dogs that had 
fasted foi t\\cnt\-foui iiouis they fed egg white in moderate doses, and 
thuc lioiirs later thc\ killed the animals with ethei Using labbit 
nntiegg <viiwi of high potenci, the} could demonstrate a positive leac- 
tmn to the prceijntm test for the antigen (egg) in the lymph and in 
the s\t,temic blood but not m the poilal blood Fuithermore, both the 
hmph and the s\<;i(>inic blood caused icactions in isolated utcii of sen- 
sitized gtimca-pigs and also m human skin passively sensitized vith 
the scrum of jiaticnts sensitne to egg Alcxandei concludes that the 
absorption of the ingested piotcin is by way of the thoiacic duct 
‘Somewhat m line is the obscrration b} Maiks’’" that a positive leaction 
to th( lest foi egg white m the mine, also by means of highly potent 
antiegg scrum is ohtamed m less than 20 pei cent of patients with a 
normal ahmentar} tiact but m 75 pei cent of patients afflicted with 
actnc peptic ulcei Tlic lesults aic so stiikmg that the author advises 
the t(s( as an additional method of diagnosis in gastiic disease' The 
conclusion is haid to coiiclatc with that of Walzei 

31 (ji\. L Ihc Pissnc Transfci of Hypersensitiveness (Local and 

Contralatcnl P issue Tnnsfet Kxpcriincnts), Bull Johns Hopkins Hosp 40 
270, 1927 

32 Cohen, M B , Eckcr, E E . Brcithart, T R , and Rudolph, J A The 
Rat( of Absorption of RaE!A\ecd Pollen Material from the Nose, J Immunol 
18 419, 1930 

33 Walzer, kf , and Grav, I Studies in Absorption of Undigested Protein in 
Hunnn Beings VII Absorption of Unaltered Protein Introduced by Duodenal 
Tube into the Abnormal Gastro-Intcstinal Tiact, J Allcrgv 8 81, 1936 

34 Altxandci, 11 L, Shirley, K, and Allen, D The Route^of Ingested 
Egg White to the Systemic Circulation, J Chn Investigation 15 163, 1936 

35 Marks, M B Permeability to Egg Albumin in Peptic Ulcer Possible 
Test for Activity of Peptic Ulcers, Preliminary Report, Am J Digest Dis 
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CHEMISTRY OF SENSITIZATION 

The chemist!} of sensitization i\ith nonbacterial substances has been 
dc\ eloped furthei Landsteiner and Jacobs^® ha\e published three 
papcis on the sensitization of animals ^^lth simple chemical compounds 
In a senes of experiments the} ha^e sho^^n that artificial sensitive- 
ness can be produced in rabbits by a -xaiiety of substances having a 
relatueh simple chemical structure, the lequirement being that these 
substances must be combined Yith protein Aftei sensitization the 
leaction can be demonstrated by apphmg the substance alone eithei 
b} injection or b} painting it on the unbioken skin Such expeiiments 
aie successtul according as the chemical stuicture of the substance 
permits of its combination with pioteuis Expeiiments nith urushiol 
\%hich IS contained in lacquei showed a close relation between the 
sensitizing pow'er and the ability of the substance to make substitution 
compounds wnth aniline Dinitro and tnmtro compounds have this 
abihti, but dichloromtio compounds which are alread} saturated do 
not leact In the third papei the authois lepoit on anaph}laxis induced 
b} arsphenamine Wlien the drug w^as used in its oiigmal and unneu- 
tiahzed form to sensitize guinea-pigs b-s two mtiadermal doses, a latei 
tieatment gnen intiaienously resulted in anaph} lactic shock in o\er 
half the animals Thus theie is eiidence that the deielopment of 
sensitneness depends on the abiht}' of the parti culai substance to foim 
combinations wnth protein, that is to sav its own stabilit} 

Meantime Caulfeild has made a gieat advance by shownng that 
when potassium alum is added to pollen extract a suspension of the 
flocculent piecipitate can induce anaphylactic sensitiveness wdien injected 
into guinea-pigs Whethei this alum has a chemical effect or wdiether 
the results depend meieh on a plnsical change is a question foi future 
^tud} 

Somewhat similai is the finding of Spam and Newell®^ that wdien 
house dust is filtei ed through cellophane undei great pi essui e the filti ate 
is inert whereas the residue lemains actiie In this instance also the 
increase of actwity depends on a plnsical change Incidentally the 
actiMt} of the fi actions seemed to be proportional to the amount of 
nitrogenous material piecipitable by tiichloro-acetic acid There w^as 
no correspondence between the degree of activity and the amount of 

)6 Lmdsteiner Iv, and Jacobs, J Studies on the Sensitization of Aniinah 
with Simple Chemical Compounds, J Exper IMed 61 643 1936, II ibid 64 625 
1936, III Anaph^laxls Induced b\ A.rsphenamine ibid 64 717 1936 

37 Caulleild, A H W Brown kl H and Waters, E T Alum as an 
Adnwant in Sensitizing Guinea Pigs to Ragweed Pollen (Ambrosia Artemisiifoha), 
J Allerg 3 7 451, 1936 

o8 Spam, W C, and Newell T M Ultrafiltration of House Dust Extracts 
J \llerg 3 7 134 1936 



R ICKLM 4X\—ALLLRG\ 


155 


nitrogen picapital)le b\ pho'^pliotungstic acid Osgood and Hubbard 
hp\e conic to a similar conclusion in their claim that precipitation with 
trichloro-acctic acid proMdes a better measure of skin test actnit}^ m 
extract-^ of ragweed pollen 

CLIXICXL \LLERG\ 

PhiOno^t^ J he diagnosis: of the exciting cause of s\mptoms b\ 
inean^: oi cutaneous- te<t^ i^ <^iill a dramatic procedure Howe\er, as 
know ledge increases tlu -e tests lose some of their glamour Alexander 
recites ihe difhcultie- He explain'^ that localized allerg} is the rule 
rather than the cxcepiion and a'^ks 

N'ced ve txpect tint vhen the «:liock organ is the lung or the nose 

nr ecnriji' the hUv d ec^eK in the deeper la\ers of the skin (urticaria) the 
'■t .11 V ill riI‘-o *>..(1 "K •> - Ik 'Cii-itnc sufiicienth to rc\eal a positne skin test' 
I« St ! c {hit p'lt.e'its 'ire ch.iicalli ‘^cn^itne e\cn though their skin te«ts 

-rt 'tg-’loc' 


Ihe f iCt reinams that this discrcpanc} is alwats hard to pro\e b} 
exjjennient C'eii though clinicalK the demonstration seems eas}, as 
when the chimnation of some food or dust lehctes the stniptoms 
Me 'ntime, thr contrar} difhcult' is much more common and is ease 
to demonstrate Positne reactions to cutaneous tests w ith no accompan}- 
ipg clinical SMiiptoms are a common finding 

In a «tud} 05 '12 emploeccs in a bakere Colmes and his associates'*^ 
rouiKi that 6 men showca a positne cutaneous reaction to w’heat, but 
that onl\ 2 of them had SMuptoms of scnsitnit} The difference 
between the deeclopmcnt of a positne reaction to a cutaneous test and 
the dcNclopment of semptoms is real, but whether it represents more 
than a quantitatne \anation is uncertain 

In normal persons positne reactions to cutaneous tests made with 
routine allergens are common In his rcMew of the mechanism of 
cutaneous tests, Walzcr^ sa\s that he is disturbed b\ the large number 
of positne results obtained m normal persons as reported in the literature 
and suggests that cither the technic is fault} or the subjects are truly 
.illcrgic but with a low degree of reactnit} Former!} Simon and I 

39 O'good, Hovard, and Hubbard, Roger S Skin Exciting A.ctiMt\ of 
a Ragvtcd Pollen Extract as Measured In Its Content of Three Nitrogen 
Tractions, J Aliergi 7 112, 1936 

40 Alexander, H L Interpretation of the Skin Test Used in Allergic 
Disorders, Journal-Lancet 5G 131, 1930 

41 Colmes, A , Guild, B T, and Rackemann, F M Studies in Sensitiza- 
tion, J Allerg\ G 539, 1935 

42 Raekemann, E kf , and Simon, F A Technic on Intracutaneous Tests 
and Results of Routine Tests in Normal Persons, J Allergt 6 111, 1935 
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noted positive leactions in 50 pei cent of normal peisons Now, Grow 
and Heiman'’® report positive reactions m 55 per cent of 150 noimai 
peisons Most of the leactions in our series weie to kapok cotton, 
featheis and house dust, and as H N Pratt suggested in the couise 
of a conversation, why should it not be that many, if not all, persons 
have a tendency to become slightly sensitive to those substances to 
which they are exposed in some quantity every day^ The extracts are 
not irritating, theie are plenty of normal controls and the differences 
between the reactors and the controls are definite Pratt’s suggestion 
is mteiesting and finds support in the observations of Salen and Juhhn- 
Dannfelt^* These authors tested 432 persons belonging to different 
occupational groups and found that the presence of positive reactions 
to cutaneous tests corresponded closely with the respective occupations 
Bakers reacted to wheat but not to horse dander, grooms reacted to 
horse dander and not to wheat The idea fits m with the well known 
piinciple that children become sensitive to foods while adults become 
sensitive to dusts O’Keefe presents new figures on this point Simi- 
larly, Parlato points to the great frequency of positive reactions to 
tests with extracts of raw silk — of 166 allergic subjects, 33 per cent 
reacted to silk, whereas of 102 nonallergic subjects, 27 pei cent reacted 
Note that at least two thirds of the subjects showed no reaction 
Piatt finds that 79 per cent of children who have perennial asthma 
leact to house dust 

The leukopenic index which Vaughan has studied with such enthu- 
siasm has been doubted, and an editorial^® in The Journal of the 
American Medical Association points out that under normal conditions 
the total leukocyte counts may show even wider fluctuations than do 
the counts in Vaughan’s curves The editorial includes a good bibhog- 
laphy In the meantime, RinkeH'* has found that Vaughan’s method 
is of practical value He found that postcibal leukocytosis was asso- 
ciated with foods not producing symptoms, whereas leukopenia was 

43 Grow, Max H , and Herman, Nathan B Intracntaneous Tests in Normal 
Individuals, J Allergy 7 108, 1936 

44 Salen, E B , and Juhlin-Dannfelt The Occurrence of So-Called Latent 
Allerg>", Acta med Scandinav 86 505, 1935 

45 O’Keefe, Edward S An Analysis of Three Hundred Cases of Asthma 
ill Children, New England J Med 214 62, 1936 

46 Parlato, Salvatore J, and Swarthout, G A Study of the Silk Allergen, 
J Mlergj 5 505, 1934 

47 Pratt, Henry N House Dust Hypersensitivity in Perennial Asthma of 
Childhood, J Allergy 8 60, 1936 

48 The Leukopenic Index and Food Allergv, editorial, JAMA 106 1988 
fjiine 6) 1936 

49 Binkel H T I eukopenic Index in Allergic Diseases, J Allergy 7 356, 
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associated with s}niptom& With this method, iii sevcial cases intractable 
astlima was clcaied up piomptly when the leukopenic index was used 
as an adjunct to othci tests 

When all is said and done, the fact lemains that the clinical history 
IS the one niipoitant method in the diagnosis of the cause of symptoms 
in patients witli clinical alleig) Recently, T have desciibed the 
"tricks" 111 histnr\ taking 

'I he lesulls of cutaneous tests in infectious diseases with specihc 
bactoiial pro<iiicts deserre stud}' because these diseases represent a rela- 
te eh puie t}pc of scnsiti/ation In tiichinosis, foi example, the oiigi- 
nal obscnations of Bachman,^' that the edematous leaction often with 
hemorrhage is casih developed m labbits infected with Trichuiella, 
has been studied iii detail b}' Augustine and Theiler,®- as described in 
jircMous u‘Me\\s Now comes a papei by Goldschlager wduch eon- 
firms these lepoits and stresses the diagnostic importance of the imme- 
diate cutaneous reaction to an extract of tiichinellas and which, as 
expected dcrelops at the same time that precipitins first appear in 
the circulating blood 

The Fici test fni 1} mphngranuloma \cneieum is similai in general, 
init this test IS based on a reaction of the delayed inflammatory type 
Grai and his asvdciatcs ' applied it to 790 patients in St Louis and 
found positnc icsults in 3 4 pei cent of the w'hite population and in 
10 per cent of the coloied population Iiowc\ci, many of the subjects 
who showed a positue icactioii icrealed no clinical manifestation of 
the disease Similai is the leport In Cole and Levin on the intia- 
dermal re.ietion foi ehancioid Like the Fiei test, this new' chancioid 
lest IS specific the leaetioii is delared and inflammatoiy This test 
and the Fici test, too, may show' positnc lesults for many yeais aftei 
the disease has passed 

The relation between alleig} and diabetes is said to be antagonistic, 
as though insulin and epniephiine countei acted each othei Among 

50 Rackcmanii, Francis Ivt Histor% Taking in \llergic Diseases, JAMA 
lOG 976 (March 21) 1936 

51 Bachman, G W Intr.ultrmal Reactions in Experimental Tnchiniasis 
Prchminarv Report, J Pic\ !^fecl 2 169 and 513, 1928 

52 Augustine, D L, .ind Thcilci, Hans Prccipitins and Skin Tests as Aids 
m Diagnosing T ricliinosis, Parisilologv 24 60, 1932 

53 Goldschlager, '\ I Tiichinosis A Report of Eight Cases with Skin 
'nd Precipitin 'lesls, Ann Int Afcd 8 939, 1935 

54 Gra\, S H , Hunt, G A , Wheeler, P, and Blache, J O Lympho- 
granuloma Inguinale Its Incidence in St Louis, JAMA 106 919 (March 
i4) 1936 

55 Cole, H N, and Levin, E A Ihe Intradermal Reaction for Chancroids 
with Chancroidal Bubo Pus, JAMA 105 2040 (Dec 211 1935 
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1,240 diabetic patients Konig'^® found only 3 instances of this type 
Wilmei has claimed that allergic subjects can utilize moie sugar 
than normal subjects (their cuive for sugai is lower) MacQuiddy, 
McIntyre and Kosei found no diffeience in the level of the blood 
sugai during fasting between normal subjects and allergic subjects 
Meantime, howevei, the injection of dextrose intravenously has been 
shown by many authors to be an important therapeutic adjunct in patients 
with intractable asthma Conveisely, Wegierko has treated 40 patients 
by means of insulin shock, giving them 40 units of insulin before 
breakfast, prefeiably duimg an attack of dyspnea from the asthma He 
observed that insulin shock stopped the attack of dyspnea 

HAY FEVER 

The mechanism of treatment remains obscuie Last year Cooke, 
Bainaid, Hebald and Stull'’® showed that when the blood seium of 
a patient with hay fever was obtained before treatment and then mixed 
and incubated with pollen extract (lagweed) and the mixtuie was then 
injected into the skin of a normal subject, a positive leaction lesulted, 
and foity-eight houis later a test of this site showed a negative Praus- 
nitz-Kustner tiaiisfer reaction The tiaiisf erring antibody in the seium 
had been neutralized by the ragweed so that it was no longer active 
When, howevei, the same patient was treated successfully with pollen 
extiact, a mixture of his serum with ragweed resulted in negative 
leactions after the piehminary injection into the noimal subject, and 
the latei test with ragweed then gave j5ositive results These findings 
were interpreted as evidence that in the course of tieatment a new 
antibody was developed which had the power to prevent the union 
of antigen and antibody In the serum after treatment the antibody 
was left free to sensitize the sites in the normal subject If these 
observations can be repeated by other workeis, they are, of course, 
of great importance 

56 Konig, F Concurrence of Diabetes Melhtus and Bronchial Asthma, Med 
Khn 31 545, 1935 

57 Wilmer, H B , Miller, M M , and Beardwood, J T Recent Advances 
in the Diagnosis and Treatment of Allergic Disease, with Special Reference to 
Glucose Tolerance and Metabolism, South M J 29 197, 1936 
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Studies 111 Hai Feier and Asthma, J Allergy 7 471, 1936 

59 Wegierko, J Favorable Influence of Hypoghcemic State Following 
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43 1379, 1935, Treatment of Bronchial Asthma bi' Insulin Shocks, ibid 44 731, 
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Mcantiinc \\ agnci and 1°^ ha\e made a study of the ciossed 
icacttons hetuccn the pollens of dilieient glasses Cutaneous sites in 
normal locipients ueie passnel> sensitized with the seium of those 
patients who weic sensitue to a numbei of glass pollens at the same 
time, and on the tollowing daj these seveial sites weie desensitized 
h\ lepeattd dn^cs of one glass and then tested wuth anothei glass 
In main imtanccs this latei test ga\e a negative lesult — a ciossed 
relationship Cdukl be dcmonstiated , but the relationships w''eie not 
comtant and it was concluded that pollens contain both a specific factor 
and a "loiip factoi 

In anothei stud} it was dcsiicd to thiow' light on the mechanism 
of fk‘-timti/atinn h\ lepeatcd ticatment of single sites m patients who 
had ha\ fc\ii and wuic .ictnch sensitive Repeated tieatment of this 
‘=011 did result m di •'tmitization, but wdien the stiength of the extract 
med was inciea‘-Ld new leactions occuiicd Fuitheimoie, if a day or 
two wa« alloacd to inuiweiic hefoic the next ticatment, the subsequent 
mitclion wa'^ hkeh to gue a posilne leaction To us it w^as cleai 
that ot‘.cn':iti/at!on oi this kind was meieh a quantitative change and 
wa< nnh tcmpomi} 

riic jiciennial tieatmtnt of pollen allerg} has many adheients 
}V''hkm'' l]ow<‘'\ei belieic^ that piescasonal tieatment is still satis- 
factoi} Iloweiei thcie ne patients who do badly wdien the pollen 
c\ti<ict gneii shoith btfoic the season and then aie much better 
when in anothei \cai the pollen cMiact is gnen m icgular monthly 
do=c<5 lilorc diuct is the cMdciKC piesented b} Vandei Veei,®'* in 
which he show^ that in a Inge senes of cases the lesults wuth peiennial 
treatment wcie bettei on the wdiole. although the peicentage figures 
<=how th.it the amount of impiovcment w'as not gieat Levin studied 
the efiect of massne do^cs of pollen exti.act on the size of the cutaneous 
reaction .iiid toiincl that it became negative in 14 9 pci cent of cases 
Sometimes clinical relief occuiied without much change in the cutaneous 

61 R.nckcnnim, F "Nt iikI W-ignci, H C The Desensitization of Skin 
'^ilcs Passnch Scnsili/cd with Scrum of Patients with Hay Fever Crossed 
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reactivity Results with pollen treatment are given by Ellis,®® who 
stresses the use of mixtures of extracts made up according to the 
degrees of sensitiveness to different pollens Of 143 patients, 40 per 
cent were completely relieved, and another 30 8 per cent secured marked 
relief 

Ionization treatment of hay fever has given disappointing lesults 
Ramil ez®‘ observed 75 patients who received this treatment, in every 
case the treatment was a failure Bernheimer®® points to the iisk of 
complications from a procedure of this sort Vistreich ®® suggests the 
application of phenol to the nasal mucosa, claiming over 90 per cent 
lelief in 75 per cent of 28 cases For a time after the treatment, the 
mucosa was less sensitive to the application of dilutions of pollen, but 
the time was short 

Hodgson gives a botanic survey of the island of Bermuda Dwarf 
lagweed is scarce The grass group occurs in insignificant amounts 
It IS Bermuda cedai pollenating in March which causes most of the 
tiouble on the island 

ASTHMA 

The mechanism of an attack of asthma is not yet understood 
Walzer reviews the arguments for the theory that the attack depends 
on spasm of the bronchial muscles and for the other theoiy that edema 
of the mucous membrane is responsible The present evidence favois 
the latter theoiy strongly Edema is the characteristic lesion in other 
manifestations of allergy as well as in the local allergy produced pas- 
sively Other findings support the edema theory At autopsy the plugs 
of sticky material in all the smaller bionchi are the characteristic find- 
ings, as Wilmer and his associates describe once more and as I have 
seen lepeatedly m fatal cases Hypertrophy of the bronchial glands 
IS a common finding, and Dr Mallory will describe it soon This 
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glanclul.il Inpt'Uiophy iMlh the lesulting dense exudate, containing 
mucus, fibnn and eosinophilic debus, is much moie striking than is 
the CMclcnce of Inpeitiophy of the muscles Duiing life the physical 
signs change lajndh fiom one poition of the lung to another, obviously 
bccau^^c the'«c s.une mucus plugs foim and then loosen, now in this 
area now in that When the obstiuction fiom the plug is partial, 
emjilnscma dc\ clops behind it, but wdien the plugging is complete, the 
coiicsjiondinLr aioa collapses 

Closeh related tej the changes m the mucosa of the bionchi are 
the changes m the mucosa oi the nose and sinuses The nasal sinuses 
nic iinohod m a Ingh ]icicentage of all patients with asthma The 
nasal qualiti of the \oicc, the niegulai obstiuction, the rhinorrhea and 
then the jnc^ciKc ot jioKpi and the findings of sinuses dull on tians- 
illmnination and in lociugenogiams piesent a combination which goes 
with .a stoi\ of chtonic peisistcnt asthma to make a clinical pictuie 
which 1 '' chai.ictei istic The natuie of the sinus distuibance is not clear 
niidencc of a local infection is not ahvays piesent — the pathologic 
picture IS one of edema with cosmophiha and round cell mfiltiation 
(chronic innamniation ol .i sjkci.iI soit), and, as Weille'^-' has shown, 
the tremble in am one ‘■inns capable of dealing without local treat- 
ment to that p.aiiiculai sums Tiesumabh, the sinusitis lepiesents a 
special foiin oi “alhigic uaetion ’’ Cameion’'* agiees with this theory 
It mai flepend on •'Oinc lancti of chionic nenc stimulation and con- 
scfjucni oieiactuiti of the inucoU', mcmbiane, as Phillips has sug- 
gested in a jiapci entitled “The Fifth, Ninth and Tenth Neives in 
Pionchial \sthnia ' Lasowsk) and his associates'® describe “hypeier- 
gic mnamination in tiscues during biief stimulation of neives Cooke 
and r>io\c'' show that the incidence of sinusitis mcieases with the 
incic.isc of age at the time of onset In 92 per cent of 248 cases of 
infectne asthma it was an etiologic factoi In the authois’ hands opera- 
tne tieatment ga\c good icsults in /O pei cent of 120 patients 

73 \\ eilie, Fniicis L Sliiclies in Asthma XVIII The Surgical Treatment 
oj Cinonic Sinusitis in \stlnnn, J '\ j\I A 100 241 (Jan 28) 1933 

74 Cameron, J ^ M Pait Played by Allergy or Sensiti/ation as 

jii Pre'disposnig "Mucous ^lembranc of Nasal Passages and Paranasal 
Sinnces to Infection and Its Bearing upon Treatment of Disease of These 
C'iMlies T LaiMig Otol 50 493, 1933 

73 Phillips, K The Piftli, Ninth and Tenth Nerves m Bronchial Asthma, 
Ann Otol, Phin Baring 45 373, 1936 

76 Lasousivi, J M , Mbropajew, D N, and Jurmann, M N Hyperergic 
Innammation in Hssues Dm mg Brief Stimulation of Nerves, Virchows Arch 
f path Anal 295 334, 1935 

77 Cooke, R A , and Grove, R C Relation of Asthma to Sinusitis, with 
Special Reference to the Results from Surgical Treatment, Arch Int Med 
5G 779 (Oct ) 1935 
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Weille has had an extensive experience in the problem of the 
relation between the nose and thioat and the asthma A study of his 
end-results shows that of 100 sinus operations, ultimate cuie was 
obtained in only 10 patients, although another 55 were maikedly 
benefited Tonsillectomy was performed on 36 patients — one was 
“cured,” and in 24 the condition was improved The extinction of 
abscessed teeth gave better results Of 59 patients, 3 weie “cured” 
and 36 were benefited These particular results are long term results 
A few patients were followed for only six months but about foui fifths 
of them were followed for at least a year, and two fifths were followed 
for over three years The figures are disturbing, perhaps, but it must 
be remembered that treatment of this sort is directed at the result of 
a disease process and not at its cause 

An interesting novelty is the suggestion by Moruzzi that asthma 
be treated by injecting the patient’s serum into the nasal mucosa in 
daily doses of from 0 2 up to 1 cc He treated 11 patients in this 
way — 3 were relieved and 4 improved (he does not say how long they 
were followed up) 

Caidtac Asthma — Cardiac asthma is discussed by Ernstene and 
Knowlton The seizure usually depends on a sudden failure of the 
left ventricle, so common in older persons with advanced aiteiio- 
sclerosis Caidiac asthma may, however, occur also in younger persons 
who have mitral stenosis and then suffer a sudden increase in the heart 
rate and in the pulmonary congestion Venesection as a mode of 
therapy deserves more attention 

It is a pleasure to read the report of Conybeare and Witts, which 
emphasizes the changing character of asthma, the many different factors 
which enter into the cause of the attack and the recovery from it and, 
consequently, the evei present difficulty of determining the effect of 
treatment with true accuracy 

Specific Ti eatmeiit of Asthma — ^The specific treatment of asthma 
has received scant attention Closely related, however, is the article by 
Fantus and Femberg®- on the therapy of reactions to horse serum, 

78 Weille, Francis L Studies in Asthma XIX The Nose and Throat in 
Five Hundred Cases of Asthma, New England J Med 215 235, 1936 

79 Moruzzi, D Intramucous Autoserum Therapy for Bronchial Asthma, 
Policlinico (sez prat ) 42 905, 1935 

80 Ernstene, A C, and Knowlton, R S Cardiac Asthma, Ohio State M J 
32 717, 1936 

81 Convbeare, E T , and Witts, L J A Criterion for the Treatment of 
Asthma, Guy’s Hosp 85 138, 1935 

82 Fantus, Bernard, and Femberg, S M The Therapy of (Horse) Serum 
Reactions General Rules in the Administration of Therapeutic Serums, J A 
M A 107 1717 (No\ 21) 1936 
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^^lth the uiles go\eining the administiation of therapeutic seium The 
technical pioceduies aie explained caiefully A method of oral desensi- 
ti/ation to common ioods is desciibed by Keston, Waters and Hopkins 
.md m then hands has been found to be effective, especially m the tieat- 
ment of small childien ^^lth chionic alleigic eczema due to hypeisensi- 
tncncss to food Ihe method consists essentially in a series of 
mc! easing daih doses 

Cirae^'ei and Rowe''* piesent anothei aiticle on the inhalation of 
ipmephnnc Indiochlonde as a method foi lelief of asthma in childien 
Jin*' is of practical ^alue, as I know^ fiom experience Nowadays the 
‘-pccial alomi/ci and the ^inall bottle of 1 100 solution of epmephime 
hidiochloiide are put up togethei b)' the phaimaceutic house so that 
ihe ontfil IS neat, comenicnt and not too expensive It is impoitant, 
howc\er that the patient be caiefulh instiucted in its use, for unless 
the bull) is s(|uee/ed at the beginning of inspiiation the spiay will not 
be inhaled deeph into the finei bionchi, and good icsults wall not be 
obtained JIlKwoith and Sheiman describe a case in wdnch the injec- 
tion ol ejiinephnne m an asthmatic patient resulted m tetany, which 
tlexeloptd juoinpth aftci the iclief of the bionchial spasm The short 
inienal suggested strongh that h 3 pei ventilation made possible by the 
cpinephime lesultcd m the washing out of carbon dioxide and the 
pioduction of alkalo'iis and, conscqucntl) , tetany The occunence is 
anoihci argument agaiiwt the use of excessue doses of epmephime 
In the ordinar\ patient such a small quantity as 0 3 cc of the solution 
IS ns efie'Ctno as a laigei amount, whicli often is followed by disagiee- 
.iblc b^'-effects, <;ueh as ‘-hnciing headache, pallor and tach^caidia 

Nonspecific licatiucni of Asthma — Nonspecific theiapy is widely 
need m asthma T w'o important ai tides, one by Hektoen^® and the 
other b} Cecil,'’" on nonspecific piotem theiapy m general deseive caie- 
ful attention That noiwpecific treatment does not act by stimulating 
the eosinophil cells is shown b} Peshkin and Messer,®® who found that 

S3 Kc-^ton, B , Wafers, I . and Hopkins, J G Oral Desensitization to 
Common Foods, J Allcrpe G 431, 1935 

84 Graescr, J B, and Rowe, A II Inhalation of Epinephrine Hydro- 
ehioride for Relief of Asthma in Children, Am J Dis Child 52 92 (July) 
1936 

85 Ellsworlli, Read, and Sherman, William B Tetany in an Asthmatic 
Patient Followinie the Administration of Epinephrine, JAMA 106 284 (Jan 
25) 1936 

86 Ilektocn, Ludvife Reactions to Nonspecific Protein Treatment of Infec- 
tious Diseases, JAMA 105 1765 (Nov 30) 1935 

87 Cecil, Russell L Nonspecific Protein Therapy, JAMA 105 1846 
n>c 7) 1935 

88 Peshkin, M M, and Messer, William, Asthma m Children XII 
Influence of Specific and Nonspecific Treatment on the Differential Leukocyte 
Count, w'lth Special Reference to the Eosinophils, Am J Dis Child 50 1374 
(Dec) 1935 
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a venom protein solution, which stimulates the eosinophils more than 
does milk, is not more effective m cases of asthma in childien than are 
injections of milk 

Inti actable Asthma — The treatment of intractable asthma is always 
difficult Balyeat and his associates®*’ have had real success with the 
intratracheal injection of iodized poppy seed oil in doses of from 5 to 
10 cc instilled at intervals of from one to four weeks In 35 of the 
50 patients m whom poor results were obtained by allergic management, 
good results were finally obtained by the use of this method The 
authors can demonstrate roentgenogiaphically that when the bronchi 
are filled with a tough, sticky exudate the injected oil works its way 
below the exudate to float it upwaid and thus to close off the smaller 
tubes In this way the mechanical factor dependent on the presence 
of the sticky mucus is modified Anderson also has used this method, 
and he claims that patients who have been treated by intratracheal 
injection of iodized oil hai^e lost their clinical sensitiveness to former 
iiritants Furthermore, he finds the treatment safe and without danger, 
either immediate or remote, to the lungs In my expeiience iodized oil 
persists for some time m the bronchi, as can be shown by repeated roent- 
genograms, and no doubt a series of hpoid granulomas are often pro- 
duced It may be, however, that even if granulomas are formed, they 
do little harm 

Histamine is recommended by Dzsinich,®^ who gave inci easing doses 
to 15 patients with bronchial asthma and to 3 with urticaria — the maxi- 
mum dose being 0 01 mg Frequently, ten or twelve injections resulted 
in complete disappearance of the symptoms 

Dorsal sympathectomy has been tiled by Levin, who recommends 
the destiuction of the rami either by injections of alcohol oi by opera- 
tive removal of the upper portion of the thoracic ganghonated trunk 
In 75 per cent of 23 patients wuth severe asthma tieated by this method 
complete lelief was obtained 

Helium should be. at least theoietically, the ideal means foi treat- 
ing severe asthma The size of the bionchial lumen is reduced by mus- 
culai spasm oi by the foimation of the sticky exudate and plug, and 

89 Balj eat, A , Sevier, L E , and Shoemaker, H A The Diagnostic and 
Therapeutic Use of Iodized Oil in Cases of Intractable Asthma, Radiolog> 
24 303, 1935 

90 Anderson, William The Treatment of Bronchial Asthma by Intratracheal 
Injections of Iodized Oil, New York State J Med 36 1151, 1936 

91 Dzsinich, A Histamine in Treatment of Allergic Conditions (Bronchial 
Asthma and Urticaria), Khn Wchnschr 14 1612, 1935 

92 Lc\in, G L L The Treatment of Bronchial Asthma bj Dorsal 
S\ mpathcctom\ , Direct and Indirect (Use of Alcohol), Ann Surg 102 161, 
1935 
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ain thing \\hich \m11 incieasc the flow of air past the obstuiction is to 
be rccoinniendccl .V L, Baiach**^ M'ho oiigiiiated the method of using 
helium descncs gicat ciedit In iwo new ai tides, illustiated by pic- 
tiiics and diagiams, lie descnbes new lefinements m the tedinic and the 
results of new studies on the physiologic efiects and the clinical end- 
icsults BiieOx these include deci eases in the pulmonaiy ventilation, in 
the piilnionan picssuie and in the length of expiiation 

Piorihocn — The piognosis in asthma is geneially good Studies 
of cnd-iosiilts 111 patients with clinical alleigy aie conspicuous by their 
absence and it is giatifying to find a papei by Leon Ungei on the 
results ol tieatmcnt in 207 cases aftei a peiiod of fiom one to thiiteen 
}cai<; Foiti-fnc of his patients were “cured,” and 104 w^eie gieatly 
mipioicd The figuie of 21 pei cent is inteicsting, because it is prac- 
tically the ‘-aiiic as the fignic which I obtained in a follow^-up of 1,074 
jialienl-' in 1928 If other physicians whose methods of tieatment aie 
so well desenbed would employ the same y'ardstick, the compaiative 
results would he intcii.siing and instiuctue 

\\ itts cnn‘'idcis the piognosis m asthma in an article wduch is along 
gcneial iinc'- and is full of common sense, but he does not piesent 
figures to define the ciid-icsuhs ex.ictly 

rczi M \ 

Sulzbergci has published se^clal papei s on the varieties of deima- 
tologic allergN discussing at the same time the pioblems of nomenclature 
and classification and more lecenth the medicolegal aspects The 
patient who becomes sensitnc to some occupational dust has twm dif- 
ficulties First, his woik has biought him into contact wnth the sub- 
stance and the emploeci appeals liable, but, second, he alone out of 
mam othei w oi kei s has show n sy mptoms — he has a constitutional sus- 

93 P.ar.icli, A L Use of Helium m Treatment of Asthma and Obstructive 
Lesions m Lar>n\ .ind rraclica, \nn Int Med 9 739, 1935, The Effects of 
InlnHlion of Helium Mixed with OwRcn on the Mechanics of Respiration, J 
Clm Tnvtstig.ition 15 47, 1936 

94 UnRcr, Leon Bronchial Asthma Results of Treatment m Two Hundred 
.ind Seven Patients Under Observation for a Period Varying from One to 
Thirteen Years, J Allcrgv’ 7 364, 1936 

95 Witts, L J Prognosis m Asthma, Lancet 1 273, 1936 

96 Sul/berger, U B, and Goodman, Joseph Nomenclature, Definition and 

Classification of Allcrgv and Allergic Manifestations, M Rec 143 17, 1936, 
Remarks on Definition and Classification in Certain Forms of Dermatologic 
Allergy, New England J Med 215 330, 1936, The Relative Importance of 
Specific Skin Hj pcrscnsitivity in Adult Atopic Dermatitis, JAMA 106 
1000 f March 21) 1936, Medico-Legal Aspects of Occupational Dermatoses, 

Am J Surg 30 531, 1935 Sulzberger i 
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ceptibilit}. ^^hlch is allergy, and for this the employer is not liable In 
legal medicine the problem is real and is not limited necessarily to the 
cutaneous manifestations of clinical allergy 

A number of articles concern interesting cases Brunsting and 
Williams have collected the reports of 48 patients with ragweed 
deimatitis Caulfeild describes tulip fingers Biederman®® studied 
a truck driver who was sensitive to gasoline The relation betv/een his 
voik and the occurrence of dermatitis was clearcut, and when he was 
tested by placing one arm over the open mouth of a bottle of gasoline, 
itching, redness and later blisters developed on the exposed sites, the 
leaction continuing for fiom twenty-four to forty-eight houis A 
similar test on the doctor’s arm gave negative results Grolmck has 
WTitten tv o articles on the question of dermatitis due to adhesive plas- 
ter, describing the substitutes for adhesive plaster which can be used in 
making a patch test Bonnevie and Genner add a report of another 
patient with eczema due to the dyes in clothing Hoffman and 
Rattner found two children in whom eczema was caused by cod liver 
oil Sulzberger finds that itch mites of canary birds can cause 
dermatitis in human beings 

In all these cases the diagnosis depended primarily on the intelligent 
taking of the history, which suggested the proper selection of substances 
to be tested by the patch method 

Meantime, Field and Sulzberger describe a patient who was 
eMdentl> sensitized by the cutaneous tests The fact indicates that 
the discrepancy of results may sometimes depend on the development 
of sensitiveness during the period of study 

97 Brunsting, Louis A, and Williams, Donald H Ragweed (Contact) 

Dermatitis, JAMA 106 1533 (May 2) 1936 

98 Caulfeild, A H W “Tulip Fingers,” Ragweed Dermatitis, Canad M A 
T 34 506, 1936 

99 Biederman, Joseph B A Case of Contact Dermatitis Produced at a 
Distance, JAMA 106 2236 (June 27) 1936 

100 Grolmck, M Studies in Contact Dermatitis I Adhesive Plaster 

Dermatitis, Technics for Surface Testing on Patients Sensitive to Adhesive 
Plaster, J Allergy 7 341, 1936, II Adhesive Plaster Dermatitis Clinical and 
Immunologic Observations on Patients Sensitive to Adhesive Plaster, ibid 7 
556, 1936 

101 Bonnerie, P , and Genner, V Eczema Due to Dyed Clothing, Arch 
Dcrmat & S^ph 34 220 (Aug) 1936 

102 Hoffman, S T , and Rattner, H Infantile Eczema from Cod Liver 
Oil Report of Two Cases, JAMA 107 494 (Aug IS) 1936 

103 Sulzberger, M B , and Kammstem, I Avian Itch Mites as a Cause 
of Human Dermatoses Canarj Birds’ Mites Responsible for Two Groups of 
Cases in New York, Arch Dermat & S 3 ph 33 60 (Jan ) 1936 

104 Field, Hans, and Sulzberger, M B Experiments in Poison Ivy Sensi- 
t,\it\, J Allergj 7 139, 1936 
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rLXGI IN ALLERGY 

Deimatologists ha\e been gieatly interested in the new approach to 
tlic diagnosis of diseases of the skin which the advance in the knowledge 
of alleigx and of fungi has opened up in the last few years Swartz 
piescnts the essentials of the classification of fungi in his general article 
on their role in medicine Pennington has analyzed 155 cases of 
alleigic dermatitis and found that sensitivity to fungi w^as involved in 
about 60 pci cent and was the sole cause of tiouble in 30 pei cent 
Ihiitv -three patients wcic tieated with doses of fungus extiact given 
mtiacutancoiisl} Of tliesc, 21 weic cuied and another 6 were defi- 
nitch nnproied In 'jonie cases, how^evei, othei methods of treatment, 
including icmoial oi tc^^t-positive substances, were employed 

\ ccitain t_\pc of cc/cin.i depends on a sj>ccific cause which is carried 
to tlie ‘^kin b\ the blond stieam In this t>pe the method by which 
tlv ofi ending sub<^tance reaches the blood makes little difteience For 
txamplc, in a child with Upical infantile eczema, egg is absorbed from 
the gastio-inlcslmal tract In othei cases the alleigen may be absoibed 
b\ inhalation tlnnugh the lungs Dust can cause eczema which, like 
hn\ fc^(•I and asthma mat come and go wuth changes in environment 
The new Knowledge of fungus spoies m the an and their lelation to 
inhalant allcigi of all soils is of practical nnpoitance An inciease m 
tlie Knowledge of molds will be desiiable 

Lamson and Kogeis’"' found that 12 pei cent of 1,259 patients 
with asthma and ha\ ferer showed a positive leaction to cutaneous 
tests with molds, while Fcmbeig'®'^ found that 28 pei cent of his 
patients with asthma and ha\ fcvei icacted to molds In another papei 
Femberg piescnts chails showing the daih incidence of mold spores 
in the air and the i elation between then numbei and the occurience 
of symptoms m his patients Undciwood has found that, even if 
molds arc not the primar) cause of trouble, an additional sensitiveness 
to them can make a had condition wmisc 

105 Swartz, J H The Role of Fungi in Medicine, New England J Med 
215 322 1936 

106 Pennington, Edna S An E^alllatlon of the Relative Role of Fungi 
fTrichoplntin) and Other Allergens in Patients with Allergic Dermatoses, South 

J 29 407, 1936, Tnchophytin and Monilia Extracts in Allergic Dermatoses, 
J Allergy 7.54, 1935 

107 Lamson, Robert W , and Rogers, Erving L Skin Hypersensitivity 
to Molds, J Allergy 7 582, 1936 

108 Fcmbcrg, S M Mold Allergy Its Importance m Asthma and Hay 
Fever, Wisconsin M J 34 254, 1935 

109 Fcmbcrg, S M, and Little, H T Studies on the Relation of Micro- 
organisms to Allergy, J Allergy 7 149, 1936 

110 Underwood, G R Importance of Fungus (Alternaria) as Cause m 
Nebraska, Nebraska M J 20 400, 1935 
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The former observations of Cohen have been confirmed by Wagner 
and myself and the importance of fungi m their effect on various 
environmental substances is being better understood When fibers of 
cotton or kapok which aie new and unused aie extracted, the fluid 
gives positive results to cutaneous tests in only a few patients When, 
on the other hand, extracts are made of old, used material, a large 
proportion of the cutaneous reactions are found to be positive That 
this change depends chiefly on the activity of fungi which grow on 
the vegetable fiber is shown in various ways Conant, Wagner and 
myself found numerous fungi in cultures of the stuffing in pillows, 
mattresses and furniture Brown filled flasks with new cotton fiber 
and then inoculated them with mold cultures Cutaneous tests with 
extracts of the resulting mixture, however, gave negative results My 
colleagues and I have made a similar study, which will be presented 
soon We shall show, first, that sterilization by steam pressure of 
new vegetable fiber hinders the growth of molds on the fiber and, 
second, that the choice of molds is important, because whereas certain 
molds will grow well on certain substrates these same molds will not 
grow well on other substrates In our experience it is possible to 
produce a good growth of molds in flasks full of new material and 
to show that after a time extracts of this growth often produce positive 
reactions in cutaneous tests This new knowledge is of practical impor- 
tance because the list of patients in whom asthma has been completely 
relieved by simple changes in bedding and furniture is considerable 
In the meantime, that cutaneous tests made with fungus extracts are 
often associated with reagms has been demonstrated by Persons and 
Martin and also by Cazort 

URTICARIA 

Hopkins and Kesten have made a useful and practical list and 
classification of the varieties of urticaria, differentiating between acute 
and chronic forms and their causes, as well as between localized and 

111 Cohen, Milton B Observations on the Nature of the House Dust 
Allergens, J Allergy 6 517, 1935 

112 Wagner, Harold C, and Rackemann, F M Kapok, J Allergy 7 
224, 1936 

113 Conant, N F , Wagner, Harold C, and Rackemann, F M Fungi 
Found in Pillows, Mattresses and Furniture, T Allergy 7 234, 1936 

114 Brown, Grafton T Hypersensitiveness to Fungi, J Allergy 7 455, 1936 

115 Persons, E L, and Martin, D S Passive Transfer Antibodies for 
Six Saprophytic Fungi in a Patient with Superficial Scaling Dermatosis, J 
Clin Investigation 15 429, 1936 

116 Cazort, A G The House Dust Antigen m Allergj', South M J 29 
1022, 1936 

117 Hopkins, J G and Kesten, B M Urticaria Etiologic Observations, 
Arch Dermat & Syph 29 358 (March) 1934 
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gcneiali/ed lesions J he} lecognize that m tins, as in other varieties 
of allcigi, the oftending substance to which the patient is hypersensitive 
ina} enter the hod} thiough the lespiiatoiy tiact and be distributed by 
the blood In anothei gioup of patients the disease seemed to depend 
on a focus of inteclion, and the authois consider that urticaria from 
this cause ma} occui CAen m patients who have not an alleigic pre- 
disposition 

DRUG VLLERGY 

Dlug aileig} IS leceiMiig moie and moie attention, and clinicians 
aie bctoming aware of its increasing fiequenc} In consideiing the 
cheinivtn of Inpcisensitneness, it w^as pointed out that those substances 
which aic rdatneh unstable and wdiich therefoie, combine easily with 
piotein arc also those substances to which a specific sensitiveness is 
often acquiied Pci haps it is for this leason that the modem develop- 
ment of mail} new ditigs lias sometimes led to tiouble 

Pcniamin and P.icdeiman”® describe a patient in wdiom agranulo- 
cytic leukopenia de\ eloped following the use of novaldm, which is a 
clo'-e lelatne of aminop}iinc Strauss”'’ desciibes a patient wdio took 
a single tablet of jieialga (anothei foim of ammopynne) and in whom 
collapse and sc\i.ie asthma det eloped Dmitiophenol caused asthma 
in a p,ttient lepnrted on b} Xoiin Damcschek and Colmes 
demonstiate a stiongh positnc cutaneous leaction wdien ammopynne 
was niiNcd with jiiotcin (blood scium) and the mixtuie w^as used for 
a sciatch test Lichtenstein and Stillians lepoit the case of a young 
man with tuhciculosi^ who icceixed six mtia\enous injections of gold 
sodium thiosult.itc <uid in wdiom exfohatne dcimatitis developed which 
persisted foi sc\cial months Hudson”^ has desciibed puipuia 
hacmorihagita as due to a scnsitncness to compounds of gold and 
arsenic Dining the illness patch tests wnth gold sodium sulfate gave 
posifuc icsults Other p.itients wnth similai though less seveie deima- 
litis ,ils() showed a positue icaction to a patch test with the diug 

118 Bcnjimin, J L , nnd Bicclcrniaii, J B Agianulocytic Leukopenia Induced 
bj a Druf? Bchkd to \niinops niic, JAMA 107 493 (Aug IS) 1936 

119 Strauss, M G MIergv to A^nldop^nnc Blood Studies Following 

Ampin lactic-Likc Shock in a Patient, New England J Med 215 177, 1936 

120 Noun, M TI Asthma from Dinitrophenol Sensitization (Case), J 
lou I M Soc 25 610, 1935 

121 D.untshek, William, and Colmes, A The Effect of Drugs in the 
Production of Agiaiiuloc\losis, wuth Particulai Reference to Amidopyrine Hyper- 

•-cnsitivitj, J Clin Investigation 15 85, 1936 

122 Lichtenstein, kl R, -uid Stilhans, A W Results of Patch Tests with 
Gold Sodium Thiosulphate, Arth Dcrniat & Syph 31 758 (May) 1935 

123 Hudson, E G Purpura Plcmorrhagica Caused by Gold and Arsenical 

Compounds, Lancet 2 74, 1935 
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Martmaud observed a patient who had a fatal attack of asthma 
during an attempt to pioduce local anesthesia of the nose with a solu- 
tion of butyn 

Hypersensitiveness to substances of simple chemical structure may, 
however, occur Gelfand reports on a patient who was hypersensitive 
to arsenic and in whom maiked generalized dermatitis developed after the 
application of a hair tonic and dandruff remover Settle had a patient 
who took two tablets of quinine sulfate and the next day had inflam- 
matory lesions on the palms and on the tongue 

As Hunter pointed out in his inclusive review of the literature 
published in 1935, theie is, in almost all of these cases, a history of 
three distinct circumstances First, the drug was taken for a consider- 
able period without difficulty Second, there was another considerable 
period during which the drug was not taken, and then, third, symptoms 
occurred promptly when the drug was taken again after the interval 
In these cases there are sensitization and incubation that are entirely 
comparable to the anaphylaxis expeiiment 

Other special cases are described Card had a patient who 
worked m a chromium-plating factory and it was found that an attack 
could lie provoked by the injection of 4 mg of potassium dichromate 
Parlato studied a nun who had corneal ulcers caused by sensitive- 
ness to the sachets used in the chuich vestments She gave a marked 
leaction to cutaneous tests with orris powder The frequency with 
which patients show a positive reaction to cutaneous tests with extracts 
of human tissues is described in an interesting paper by Simon and 
Rydei,’-®” who found that extract of pituitaiy caused a reaction in a 
small percentage of subjects 

124 Martinaud, M Fatal Attack of Asthma During Local Anesthesia hy 
Washing Nasal Mucosa with Solution of Butyn Case, Anesth et analg 1 
199, 1935 

125 Gelfand, H Harold Hypersensitiveness to Arsenic Dermatitis from 
Liquid Arvon, J Allergy 7 254, 1936 

126 Settle, R O Dermatitis Medicamentosa Due to Quinine, JAMA 
106 1801 (May 23) 1936 

127 Hunter, F T Agranuloc> tosis. New England J Med 213 663, 1935 
Kracke, R R , and Parker, F P The Relationship of Drug Therapy to 
Agranulocytosis, JAMA 105 960 (Sept 21) 1935 

128 Card, W Ingram A Case of Asthma Sensitivity to Chromates, Lancet 
2 1348, 1935 

129 Parlato, SaKatore, J Corneal Ulcers Due to a Common Allergen, Arch 
Ophth 14 587 (Oct ) 1935 

130 Simon, Frank A, and Rjder, C F Hypersensitiveness to Pituitary 
Extracts J AI A. 106 512 (Feb 15) 1936 



R 1CKEMA\N— ALLERGY 


171 


OIHLR SYMPTOMS OP ALLERGY 

kenned} ’ hab listed a mimbei oi neiuologic distuibances 
wlncli ina} be attnhutablc to allcig) Ceitani convulsive states and 
‘:onie fonns of letiobulb.u neuiitis aie in the list, as well as migiaine 
I^Ioie nUcicsting me the cases in which paral)sis of ccitain nerves 
occurs altci doses of foieigii seium and peihaps repiesents a ceitain 
«:nccial loim of <eiuin disease Hemiplegia has been described in this 
connection, and anotlici patient \Mth uiticaiia suftered a migrating type 
of }!aial}‘'i'. wliicli seemed to follow a migiating t}pe of edema 

In cio‘-c accoid is tlie case icpoit by Cuttci,^®- of San Fiancisco, 
concerning a ho} ot k who ‘^topped on a iiisty nail m a bainyard 
J hice wtekc latei he M'^ited a plubieian because of twitchings in vaiious 
mu-'Cle gutu])s foi one d<i\ and inahilii} to open his jaw Within foit}- 
cight hoiii" he wac gi\en 125 000 units of tetanus antitoxin Fne days 
latei lit wP'' gnen 15,000 unit<^ \ftci that incieasing deafness deeel- 
oped wuh noi'-cs 111 the cats and double Msion The symptoms lasted 
mi anout «i month It is sui prising peihaps tliat this treatment with 
foreign ‘•crum gncii at (he mtenals stated did not icsult m an even 
more \Uni reaction 

— I\IigianK i‘- still a difhcnlt pioblem Some light has 
hteii throv. n on itc mechanism b\ Goltman,^'’^ wdio observed a young 
v.<jman with headache «e\eie enough to lequiie ceiebial exploration 
Thiough a Iniir opening Goitinan could obsene that duiing the am a 
tlicic V as epasm of the ccicbial \esscls, but with the onset of the 
headache he could sec \asculai dilatation develop, wnth edema of the 
brain The clinic, d aspects of migraine aie well desciibed m a papei 
b} Gordork'^ who polin'^ out that allci gy can be demonstrated as an 
impoitanl Factor m only a lelatnely small piopoition of cases The 
treatment of migraine with eigotamine tartrate has been advocated and 
pursued by Lennox^®'' FIis iccent expeiiences wnth the diug in 120 
caccb are piesentcd Relief fiom an attack w’^as obtained in 107 cases 

OlliC! Symptom Complexes — Othei complexes have been desciibed 
as haMiig .an allcigic basis — gout bj Pasteui Valleiy-Radot,’^^'^ articulai 

131 Kennedy, Foster Allcrcfic ^Manifestations in the Nervous System, 
Tr Am Neurol A 01 49, 1935 

132 Cutter, Richard D Auditor^ Nerve Involvement After Tetanus Anti- 
toxin First Reported Case, JAMA lOG 1006 (March 21) 1936 

133 Goltman, A M The Mechanism of Migraine, J Allergy 7 351, 1936 

134 Gordon, AH A Clinical Lecture on Migraine, New England J Med 
213 1017, 1935 

135 Lennox, W G , and von Storch, T J C Experience with Ergotamine 
Tartrate in One hundred and Twenty Patients with Migraine, JAMA 105 
169 (July 20) 1935 

136 Vallery-Radot, P, and Mauric, G Gout and allergie, Progres med 
Oct 12, 1935, p 1631 
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disease by Wellisch and disorders of the gastro-intestinal tract, liver 
and gallbladder by Urbach’-®®, but m none of the cases does the evi- 
dence for an allergic cause rest on a firm foundation On the other 
hand, Lewin and Taub describe a patient subject to recurrent 
attacks of synovitis which seemed to be due to the ingestion of English 
walnuts Cohen mentions periarteritis nodosa, having made the 
diagnosis in 2 cases of asthma before death occurred He writes 
“The diagnosis is not difficult if the clinician will watch for 

symptoms and signs which may be explained on the basis of a tem- 
porary or permanent blood supply to any organ ” 

SUMMARY 

The problems to which I referred in the review of two years ago 
are not yet solved The function and purpose of the allergic reaction 
are being studied, and some attempt is being made to apply the results 
of laboratory experiments to patients, but there is still a long way to 
go The increased understanding of tissue reactions is a step forward 
Concerning the allergic subject, it is not yet clear that his variation 
from the normal depends on anything more than a quantitative change 
Fortunately, however, the students of allergy are paying more attention 
to the patient as a whole Studies of metabolism, of hormones and of 
food factors have been begun Precise information on the mechanism of 
the production of symptoms, however, is still lacking Surely there 
must be some reason for the prostration and illness associated with 
chronic intractable asthma The whole subject is fascinating, partly 
liecause the field is large and the problems diverse and partly because 
any important results will lead to the benefit of a large number of 
persons who really suffer 

263 Beacon Street 


137 Wellisch, E Allergic Components in Diseases of Joints, Wien med 
Wchnschr 85 935, 1935 

138 Urbach, E Allergic Disorders of Gastro-Intestinal Tract, Liver and 
Gallbladder, Re\ med-chir d mal du foie 11 116, 1936 

139 Levin, Philip, and Taub, Samuel J Allergic Synovitis Due to Inges- 
tion of English Walnuts, JAMA 106 2144 (June 20) 1936 

140 Cohen, B , Khne, B S , and Young, A M The Clinical Diagnosis 
of Periarteritis Nodosa, J A M A 107 1555 (Nov 7) 1936 
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By-Effccts in Salvarsan Therapy and Their Prevention, By Dr V Genner 
Price, 22 kroner Pp o60 Copenhagen Levm &. Munksgaard, 1936 

1 in'- inonoerapli compiled from the experience of the University Clinic of 
Dcr^nto\cnerolop^, at Copcnliagcn, assembles a mass of clinical data regarding 
ar^cme intoxintion during the treatment of ssphihs The entire subject, of course, 
IS oi great interc-t and has been widelj studied, it must have been tedious work 
to gather together the \er\ extensue literature which is resiew'ed, to assemble it 
properh and to add obscnations regarding it 

Fir^t tliere i^ dreu'-std the llieor^ticnl basis for arsenic intoxication, then there 
follow chapters em ai '-phenamine erethenn, jaundice, albuminuria and what the 
author calls “paratherapeutic joint complaints” These chapters lead to a discus- 
sion as to how such nneomiortalilc b\-efl'cc(s of arsplicnamine therapy may be 
a\oid(d, csjHcialK h\ the use of i concentrated dextrose solution as a solvent 
for the arspheinminc rinalh the atithoi pleads for individualization of anti- 
s\phihtic treatment, for, he elainis, it is possible before treatment is begun to 
dctcniime whether a patient is intolerant to arsphenamme and to plan a suitable 
mdi\ idn ilizcd treatment so tint he lan reeeuc adetiualc therapy without serious 
or permanent injur\ 

On the whole, the luateri il of the hook is well digested, so that the monograph 
‘-honid he tisetnl as a work of reference not oiiK to sjphilographcrs but also to 
all cbmei ms who administer the tanous arscmcals 

Aparato rcspiratono Pa Doctores F Marline/ and Isaac Berconskv Pp 283 
BueiUK \ires Fd \tcneo, 1916 

Tins \o!nme is m interesting and complete treatise on the respiratory system 
It !« in actnalit) a work on plnsieal findings, in whicli the authors thoroughly 
coter the auatonu plusiologj and p.ithologv of the rcspiratoiy system, including 
the topogr.ipln ot the chest In then \ohimc they consider the mediastinum, 
pleura and diaphragm m separate chapters 

The pnntmg is on excellent p-iper, and the entire contents arc prolusely illus- 
trated with cxceplionalh clear figures The chapters on topography and physical 
examination of the thorax arc cspcciallj commendable There is an excellently 
illuslrited chapter on radiolog) 

In undertaking a work of this kind, the authors have succeeded in eliminating 
a large majontj of the obsolete signs to wdiich a w’ork on physical diagnosis 
seems to be heir The volume lends itself readily to teaching purposes It is 
unfortunate that there is not a chapter on the lieart and the great vessels 

Treatment tn General Practice The Management of Some Major Med- 
ical Disorders [Articles Reprinted from the British Medical Journal] 
Price, ^3 50 Pp 260, witli 6 illustrations New York Paul B Hoeber, Inc , 
1936 

This senes of articles on treatment arouses no enthusiasm m the reviewer 
Tile discussion is superficial, full of outworn "practical” advice and burdened with 
comiihcatcd, old-fashioned and obviously impotent prescriptions The reviewer 
parted company with the views expressed in the first section on influenza, where 
the statement is made that "a free current of air is probably the most important 
single point in tiie wdiole treatment” The advice to give a vaccine of pneumo- 
cocci, streptococci and influenza bacilli in the treatment of lobar pneumonia and 
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the reasons in favor of this procedure are out of accord with sound practice, 
and so it goes throughout the book Better discussions can be found in any 
reputable textbook 

Lesions du pancreas et troubles fonctionnels pancreatiques By Marc 
Bolgert Price, 45 francs Pp 262, with 22 illustrations Pans Masson & 
Cie, 1935 

This is an interesting monograph on pancreatic disease It is concerned espe- 
cially with the method of testing the external secretion of the gland as collected 
by a duodenal tube after the injection of purified secretin There is a great d?al 
of interesting detailed material, for a complete account of which the original work 
must be consulted 

Gefasserweiternde Stoffe der Gewebe By J H Gaddum and H H Dale 
Price, 18 marks Pp 200 Leipzig Georg Thieme, 1936 

This IS a systematic discussion of the chemical, pharmacologic and physiologic 
bearings of “vaso-dilator tissue substances” — histamine, acetylcholine and other 
substances The subject matter is concentrated and heavily documented, this 
makes difficult consecutive reading, but the book is invaluable as a work of 
reference 


Books Received 


The Theoretical Possibility of Immunizing the Olfactory Mucosa Against 
Poliomyelitis Virus By S Peskind, M D Paper Pp 22 Cleveland 
S P Mount Printing Co , 1936 
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^ FEBRUARY 1937 nTmbeTz 

CoiMKiiT l'J^7 in Tin \mlrica I^Ifdical Association 


DI\J]i:iJC COMA 


r.ijioir r ioslix. md 
now \RD r rooi, md 

1>KISCILL\ Will IE, MD 
MEXWDER M \RBI E, MD 

\M) 

\n lA r io<^Li\ MD 

! O'^TON 


J he conijiiL"! oi (iial)ctie coma js in sight Dining 1929 and 1930 
in Steitin (icrinain with .i jinjiulation of 270,000, llicie w'as not a 
>'inglc de.uh iioni fiial)etic loin.i * ]>oston cannot make so good a show^- 
mg, but the lollowing letici li<tm the he.iltli cominicsionei of the city 
^jicak', tor ltd'll!' 


M\ <k.u Dr Josim 


klaich 31, 19o6 


I am Ii.iiijiN (o rciiort to >ou tliat ni liic Cit\ of Boston diinns 1935 there was 
not a flcatli from am cuisc wh.U«oc\ct in a diabetic iindci nineteen yeais ot age 
During tins t\\el\e niontii period there were in all 2S8 deaths classified as diabetes 
md I understand mchidmg those with diabetes as a sccoiKhi\ cause 301 deaths 


Yours \cr\ triilj, 

(Signed) Whlham B Kcehi, kl D 
Health Commissioner 


In this tw elf til papei on diabetic coma w'c shall (1) piesent 42 
new cases, bringing to 318 the total nnmbei of i^atients tieated since 
1923, (2) discuss vaiious consideiations foi the classification of cases 
of coma which will allow a hettei compaiisoii of tieatment by difietent 
niclliods, (3) desenhe in detail 3 fatal cases — m 1 the condition was 
mistaken foi insulin shock and no insulin was given, death taking 
place thiec horns aflei the patient was admitted to the hospital, and 
in the other 2 death occiiiied fiom infections eight and tw^enty days, 
respectively, after recoveiy fioin the coma, (4) lepoit on the lespira- 
lory mctaholism in a case of diabetic coma, and, finally, (5) compaie 
the results of oui methods of tieatment of diabetic coma m 54 childien 

From the George F Baker Clinic, Elliott P Joslin, M D , medical director, at 
the New England Deaconess Hospital 

1 Gottschalk, A Das Stettmer System der Diabetikernachsorge, Klin 
Wkhnschr 10 704 (April 11) 1931 
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entering the hospital with a carbon dioxide-combining powei of the 
venous plasma of 15 volumes per cent or less, with 1 death (19 per 
cent mortality), with the results of treatment with methods recently 
proposed in this journal by Hartmann,- who reported on 27 patients 
with an initial plasma caibon dioxide content of 15 volumes per cent or 
less, with 5 deaths, or an 18 5 per cent moitality, and 15 patients (of 
the 27) treated with sodium lactate, with 2 deaths, or a 13 3 per cent 
mortality 

FORTY-TWO NEW CASES OF COMA 

To the 276 cases of coma reported by us ® between 1923 and Octobei 
1934 we now add 42 cases ■* in 41 patients treated in the fifteen months 
between Oct 6, 1934, and Jan 1, 1936 Six of the patients have been 
consideied as “coma offenders” in oui previously published senes In 
table 1 are recorded in detail the data regarding the 42 cases and m 
table 2 a summary of this and the preceding six series 

The average age in the present series was 28 2 years The oldest 
patient was 66 5, and the youngest was 2 4 years of age Twenty-seven 
of the patients were females and 15 males The preponderance of 
coma m females has been consistent in each series It has already been 
pointed out that this occurs in the ages in which the preponderance of 
cases of diabetes is in males It is theoretically possible that hyper- 
activity of the pituitary gland during catamenia or during pregnancy 
may account for this Thus, 6 women of our entire senes of patients 
with coma, including 2 in the present group, had the attack during 
pregnane}^ 

The average duration of diabetes prior to the onset of coma was 
five and three-fifths years The average sugar content of the blood 
when the patient was admitted to the hospital was 0 54 per cent, and 
this had fallen to 0 2 per cent on the second and to 0 19 per cent on the 
third day In 3 of this series of 42 patients the initial sugar value 
was over 1,000 mg per hundred cubic centimeteis of blood Two of 
the 3 patients (cases 13 and 38) recovered The average carbon dioxide- 
combining power of the plasma was 11 volumes per cent It rose to 
30 volumes per cent on the second and 41 volumes per cent on the third 
day In 11 patients the carbon dioxide-combinmg power of the plasma 
at the time of the patient’s admission to the hospital was less than 

2 Hartmann, A F Treatment of Severe Diabetic Acidosis, Arch Int Med 
56 413 (Sept ) 1935 See table 1 on page 415 for data for 12 patients with a 
plasma carbon dioxide content of 15 volumes per cent or less and for 3 others 
mentioned in footnote 1 a, page 414 (patients treated with sodium lactate) 

3 Marble, A , Root, H F, and White, P Diabetic Coma, New England J 
Aled 212 288 (Feb 14) 1935 See this article for earlier references 

4 One case was not included, although the carbon dioxide-combming power 
was 19 ^olumes per cent, because the urine was sugar-free, owing to treatment in 
another hospital before transfer to us 
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Table 2 — Compmatwe Data , by Aveiagcs , joi Seven Senes of Cases of Diabetic Coma 
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5 ^olllmcs pci cent Ten of the 11 iccoveied It should be noted that 
tile chemical ^ allies on the second and third days aie for only a partial 
iinmbci of the entne senes, often these i allies aie not deteimined, 
since many patients iccoici so lapidl}’’ that latei detei nnnations seem 
needless Possibh this fact uas oieilooked by Haitmann, who, on 
pa"e 429 of his paper, stated that “a number of his [Joslin’s] patients 
still had marked acidosis on the second and third days of 
treatment ” 

The nonpiotein nitrogen content of the blood when the patient was 
admitted to the hospital i\as more than 40 mg pei hundied cubic 
centimeters of blood for 12 of the 18 patients foi whom the test was 
pci formed and 70 mg per hundred culnc centimeteis or more foi 3 

The average of insulin prescribed m the fiist twenty-four hoiiis of 
treatment Mas 210 units 

Dictaii indisciction Mas the most common etiologic factor, occur - 
ling in 12 cases ]''nc patients had omitted taking insulin Four had 
not kept to then diet and had omitted insulin In 7 cases infection Mas 
the inducing factor Eight patients had unrecognized or inadequately 
treated diabetes, and m 2 the cause of coma M'as unexplained In 4 cases 
the condition appealed to have been precipitated by endocrine compli- 
cations Thus, 1 patient (case 1) had combined “thyroid stoini” and 
diabetic coma She entered a surgical seivice of the hospital The sugar 
content of the blood M'as 0 12 per cent, and the mine contained 2 per 
cent sugai at 7 p m 7\t 7 the next morning the sugar content of the 
blood Mas 0 57 per cent, and the carbon dioxide-combinmg poM^er M'^as 
3 lolumes pei cent Tmo patients M'eie pregnant, and the piegnancy 
m 1 M^as complicated b} lobai pneumonia She M^as delivered noimalh 
of a nonviable infant The other (case 22) had earl} toxemia of pieg- 
nancy, and the uterus M'as emptied at the ninth week One child (case 
23) entered m coma Muth the onset of her first catamenial period 

Eighteen of the patients belonged to our juvenile senes {onset of 
dmbetes at T5 ycais of age and undcj) This increases the number of 
patients m coma m the juvenile senes to 134 treated since 1923 , of these 
133 recovered Among 1,000 patients m whom the onset of diabetes 
M’as at the age of 15 years or earlier, a recent tabulation® showed that 
300 had coma at some tune m the course This senes included cases in 
M’hich the disease developed m the pieinsuhn era, however, and of the 
last 400 patients seen, only 46 had had coma at some time m then 
diabetic life 

Chmeal Consider atwns — Only 4 of the 42 patients were totall} 
unconscious Kussmaul bieathing was present m all but 2 patients 

5 White, P, in Joslin, Elliott P The Treatment of Diabetes Mellitus, ed 5, 
Philadelphia, Lea & Febiger, 1935, p 509 
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Diacetic acid was not present in the mine of 3 patients who had advanced 
acidosis and signs of lenal block 

Comphcahons — In 10 patients complications included "thyroid 
storm,” pregnancy and pneumonia, toxemia of pregnancy, pulmonaiy 
tuberculosis, otitis media, prostatic abscess, acute tonsillitis, severe 
vaiicella and acute infection of the uppei respiratory tract 

Mortality — ^The mortality rate in the piesent senes was 7 1 per cent 
The mortality rate for our 318 cases was 119 per cent (38 deaths) 
The age of the patient has a direct influence on moitahty, as will be 
discussed latei 

^ CLASSIFICATION OF CASES OF DIABETIC COMA 

No one would think of companng the results of tieatment for pneu- 
monia in patients above 60 yeais of age in one city with those in patients 

Table 3 — Data on the Rise in Moitahty with the Advance in Ages of Patients 

in Diabetic Coma 


Fatal Cases 
^ 


Age at Coma, by Decades 

Total dumber r 
of C'lses 

Number 

Percentage 

First 

23 

0 

00 

Second 

123 

3 

24 

Third 

38 

3 

80 

Fourth 

43 

5 

11 G 

Filth 

38 

7 

18 4 

Sixth 

33 

14 

42 4 

Serenth 

16 

5 

31 3 

Eighth 

4 

1 

25 0 

Total 

318 

38 

11 0 


less than 15 yeais of age in another city The same applies to diabetic 
coma The mortalit} among old persons with diabetic coma is high, 
but among 54 children (15 years of age or less at the time of coma) 
there has been but 1 death Consequently, m any report on diabetic 
coma the treatment should be compared on the basis of age, and advice 
with legard to treatment should be based on experience with patients 
of different ages Table 3 illustiates the general rise m mortality for 
coma from 0 in the first decade and 2 4 per cent m the second to 42 4 
per cent in the sixth Old age by no means invariably implies a fatal 
outcome, however On Jan 29, 1936, a woman, not included in this 
series, recovered from coma at 75 years of age, being two years oldei 
than our oldest patient previously recorded The blood sugar value at 
the time of her admission to the hospital was 0 66 per cent, and the 
carbon dioxide-combining power of the plasma was 12 volumes per cent 
Without some criterion as to the extent of the acidosis it is impos- 
sible to compare different methods of treatment In 1917, five years 
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befoic the nitiodnctiou of insulin, one of us leported on 15 patients 
in diabetic coma who lecoveied after showing a carbon dioxide tension 
of the alveolar an of 20 mm of meicuiy or less The carbon dioxide- 
combining powei of the plasma of these patients ranged between 14 
and 28 volumes pei cent These facts led to the use of a tension of 
the caibon dioxide of the alveolai an of 20 mm of mercuiy and later 
a caibon dio\ide-combmmg powei of the plasma of 20 volumes per 
cent as an aibitiai} dividing line between cases of piecoma and cases 
of coma Ihe lattei figuie still lemanis a good point of division In 
9 of 91 patients m coma m oui seiies with a carbon dioxide-combining 
powei of the plasma between 16 and 20 volumes pei cent, inclusive, 
death occuiied The moitahty, 10 per cent, was about the same as foi 
the entnc senes, and to exclude these 91 cases tvould result in the 
omis'^ion of some patients wdio were in seiious acidosis One might 
decide to omit cases in which theie was a carbon dioxide-combming 
powei of o^cl 1^ volumes pei cent in order to stiffen the requiiements 
Howe\ci, a caibon dioxidc-combining pow^ei of 18 oi 20 volumes pei 
cent and a caibon dioxide content of 15 volumes per cent are nearly 
compaiable \ allies Ceitainly the exclusion of cases in which the caibon 
dioxide-combining power was between 16 and 20 volumes pel cent w'ould 
exclude main fatalities, theicfoie, w^e hold to our piesent standard 

If thcie IS any mote accurate or better method of detei mining the 
depth of coma than the detei mmation of the carbon dioxide-combming 
powei or content of tlie blood plasma, certainly all should adopt it We 
cannot accept the blood sugai oi the nonpiotem nitrogen content or the 
degice of ghcosuria as an index', and the blood pressme is not dis- 
tinctive enough Unconsciousness is difficult to measure, depending as it 
docs a good deal on the efiort taken to aiouse the patient Therefore, 
It cannot be used as a set standaid, although a lecoid of the degree of 
unconsciousness should be made So, too, the Kussmaul lespiration 
vanes m difterent stages The longer the diabetic coma lasts, the less 
distinctive becomes the Kussmaul respnation, and during the last few 
hours befoie death it usually disappeais 

THREE DEATHS IN COMA 

1 Dtabchc Coma Mistaken /ot Hyfoglycemm—A man (case 32) who was 
almost 29, a tea taster, learned that he had diabetes and began treatment on May 25, 
1922 Fortunately for him he had married a nurse the preceding year When he 
first consulted one of us (Dr E P Joshn) seven months later, in January 1923, his 
weight when dressed was 111 pounds (50 5 Kg), or about 42 pounds (191 Kg) 
below the standard weight for his age and height After his marriage his weight 
had risen to its maximum of 135 pounds (61 4 Kg ) at the onset of diabetes At 

6 Joshn, E P Diabetes The Results of Past Treatment and Future Prob- 
lems, Bull Johns Hopkins Hosp 29 82 (April) 1918 
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first no history of diabetes was obtained, but later in an uncle and a cousin the 
disease developed In January 1923 except for emaciation the physical examina- 
tion revealed no abnormality The Wassermann reaction was negative; The 
sugar content of the blood was 0 2S per cent (250 mg ) , and the urine contained 
2 per cent sugar The urine became sugar-free with a low diet, and insulin 
treatment was begun within a few months In 1924 the patient’s weight had risen 
to 122 pounds (55 5 Kg ) He reported infrequently, and although he worked 
steadily and his weight rose to 127 pounds (57 7 Kg ) on Jan 7, 1929, on a diet 
of 46 Gm of carbohydrate, 74 Gm of protein and 167 Gm of fat, it was only 
with considerable insistence on our part that the carbohydrate of his diet was 
increased to 76 Gm The dosage of insulin was 12, 0 and 12 units The blood 
pressure was 96 systolic and 70 diastolic On Jan 17, 1933, his weight (dressed) 
was 131 pounds (59 5 Kg) The urine showed diacetic acid, one specimen con- 
tained 2 7 and another 0 6 per cent of sugar The blood sugar content was 0 24 
per cent (240 mg), the nonprotein nitrogen content 33 mg and the cholesterol 
content 234 mg per hundred cubic centimeters The diet which he had been 
following contained 102 Gm of carbohydrate, 77 Gm of protein and 155 Gm of 
fat The dosage of insulin was 32 units a day The blood pressure was 90 systolic 
and 60 diastolic Two years intervened until his next visit on Jan 15, 1934, his 
last before he entered the hospital eight months later His weight (dressed) was 
136 pounds (61 8 Kg ) The urine contained 2 3 per cent of sugar The blood 
sugar content was 0 22 per cent (220 mg ) four hours after lunch, and the choles- 
terol value was 238 mg per hundred cubic centimeters The blood pressure was 
112 systolic and 70 diastolic The heart was normal except for a soft systolic 
murmur Slight radial sclerosis was noted 

On Sept 19, 1935, at 10 50 p m , the patient, a methodical, upright man, who 
was punctilious about his diet and insulin treatment, was admitted to the New 
England Deaconess Hospital unconscious and pulseless Two days before he had 
gone on a business trip to New York, the first without his wife m the thirteen 
years he had had diabetes After completing his business he took the afternoon 
tram for Boston, and just before the tram reached that city he became unconscious 
From the tram he was taken in an ambulance first to a suburban police station, 
8 miles distant, and from there to his home, and then was brought to the hospital 
Although when the patient was admitted to the hospital the radial pulse could 
not be felt, a possible systolic blood pressure of 70 mm was obtained The heart 
rate was slow and regular, and the sounds were distant and of poor quality The 
skin was cold, and the rectal temperature was 97 F (36 1 C ) The respiration 
was regular, slow and labored Nine grams of dextrose was given intravenously 
in 50 per cent solution at 11 05 and again at 11 20 p m His color improved, 
but the respiratory and pulse rates did not At 11 30 and again at 11 40 p m, 
1 cc of epinephrine hydrochloride, 1 1,000, was given subcutaneously, with some 
elevation of the pulse rate The patient moved a little Nine grams more of 
dextrose was given intravenously at 11 55 p m The respiration then became 
more rapid and less labored At 12 20 a m he apparently recognized his wife 
At 12 30 he was taking water from a spoon, and between 12 30 and 12 45 he 
swallowed 100 cc of orange juice His color was improving, but he continued 
groaning At 1 a m , though pulseless, he responded to 0 23 Gm of caffeine 
witli sodium benzoate At 2 a m he died 

The gross observations at autopsy were acute dilatation and marked congestion 
of the stomach, and congestion of the lungs, with slight edema and fatty infiltra- 
tion of the liver Microscopic study confirmed the previous diagnosis, with the 
addition of subacute pancreatitis, deposition of glycogen in the nuclei of the hepatic 
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Cells and in the renal tubules, fatty degeneration of the kidne3's and hemorrhagic 
necrosis of the gastric mucosa It is notable that the \essels of the heart were 
smooth and elastic, there weie no emboli or thrombi The aorta was normal, 
except for a slight degree ot atlieromatous degeneration m the abdominal portion 
\ct tins man had Ined for thirteen j'ears on a diet comparatively low m carbo- 
Indratc 

-\1. the time of tlic patient’s entiance to the hospital the blood sugar 
content t\as 1 23 pci cent (1,230 mg ), the nonpiotein nitrogen content 
was 100 mg pei hundied cubic centimeteis and the tw'^o samples of 
blood plasma, pooled, show'ed a caibon dioxide-combimng powei of 2 
\ohimes pci cent Ihe fact that these extieme values weie not known 
until alter death occuiied does not ease one’s conscience that the patient 
died while being ticated foi hypogl 3 'cemia instead of diabetic coma 
The blood sugai value of 1,230 mg did not necessarily imply a poor 
pifigno'^is because wc ha\e noted 13 cases with 8 lecovenes in which 
the blood sugai \ allies w'cie 1,000 mg pei hundred cubic centimeters oi 
abo3e when tlie patient w'as admitted Dillon and Dyei " have recently 
icported 16 cases ot diabetic coma in wdiich the blood sugar content was 
1,000 mg 01 moie when the patient w^as admitted to a waid of the 
metabolic dcpaitment of the Philadelphia General Hospital Five of 
the patients lecoicicd and 11 died In Haitmann’s® recent senes of 91 
(86 and 5) cases in childicn no case w^as mentioned m which the blood 
sugai \alue was oiei 922 mg Only 27 had values foi the carbon 
dioxidc-combining powei of 15 volumes per cent or less, yet 5 died 
The nonprotem nitrogen content w^as 100 mg per hundied cubic centi- 
meters, but we ha^e seen lecoveiy in 3 of 7 cases m which the value 
was equal to oi highei than that It is true that the caibon dioxide- 
combining pow'er was onl} 2 volumes per cent, yet m 9 cases in which 
theie w'as such a 3 aluc w^e have had 7 recoveiies The low blood piessuie 
did not justify death Consequently, m this case the condition was not 
clinically oi chemicall} hopeless 

Urine w^as not obtained until at autopsy It contained 1 5 pei cent 
sugai and acetone but no aceto-acetic acid Even if mine had been 
obtained wdien the patient was admitted to the hospital it would not 
have solved the differential diagnosis betw^een coma and hypoglycemia, 
because often the first specimen of mine voided by the hypoglycemic 
patient contains sugai, having been secreted pei haps houis earlier by 
the kidneys 

Reasons for the Wrong Diagnosis This patient was admitted to a 
floor of a hospital wheie at least 200 patients in diabetic coma have 
been treated in ten years He was accompanied by his wife, a nurse 

7 Dillon, E S , and Dyei , W W Diabetic Coma with Extreme Hypergly- 
cemia, Am J M Sc 190 683 (Nov ) 1935 

8 Hartmann,2 p 418 , table 3, p 414, footnote 
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He was promptly seen by a doctor, house officers and a night supervisor, 
who together must have observed at least 50 and probably 100 patients 
in coma, but all were so positive that this patient had hypoglycemia that 
they broke every rule and did not secure instant chemical verification 
of the diagnosis Although a specimen of blood was taken at once and 
again one and one-half hours later, the report was delayed, in spite of 
the fact that we have arrangements by which examinations of blood 
can be made any time in the twenty-four hours No urine was obtained, 
paitly because the patient could not void and partly because of hesitancy 
in cases of coma in cathetenzing a patient, due to the fact that infection 
of the gemto-urinary tract is so common among diabetic patients 

If in a hospital to which more than 1,200 diabetic patients are 
admitted a year and which prides itself on its treatment of coma, such 
an error can occur, it is reasonable to infer that it may occur in other 
hospitals An unconscious diabetic patient m any hospital must be sur- 
rounded with facilities, including personnel and methods, which will 
insure prompt chemical aids to diagnosis day or night There must be 
a “coma-drill,” just as much as a fire-drill Substitute house officers 
must be examined for their ability to perform laboratory analyses in an 
emergency at night, and no matter how clearly correct the diagnosis and 
treatment may seem to younger doctors or house officers, their superiors 
must be informed and full responsibility assumed by them 

The fact that this patient had not been seen for eight months likewise 
should not be overlooked A diabetic patient if he wishes to live should 
keep in touch with his physician It is true that in 12 5 per cent of our 
last 981 fatal cases (up to March 13, 1935) the patient had lived for 
twenty years after the onset of diabetes But this shows how careful 
one must be to follow up cases if one wishes to improve the percentage 
of suivivals This patient had had diabetes for thirteen years He had 
at least moderately severe involvement In the course of five years he 
had reported to us for examination only three times A diabetic patient 
should repoit to his doctor at least every three months This man had 
had reactions, and on his trip to New York he may have reduced the 
dosage of insulin to avoid them However, if he had been more con- 
versant with piesent methods of diet and treatment, he possibly would 
have averted an attack of coma The diabetic patient must keep in touch 
with his physician Physicians should not hesitate to follow up their 
patients who have had diabetes for a long time, even though sometimes 
it exposes them to criticism 

2 Fatal Com<i Precipitated hy Infection m the Genito-Uunai y Tract— A man 
(case 17) who was 63 at the onset of diabetes in lune 1932, entered the New 
England Deaconess Hospital on Feb 9, 1935 For three days he had complained 
of constipation, increasing weakness and deep breathing At the time of the 
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patient’s admission to the hospital iespira<ion of the Kussmaul type was present, and 
his breath liad an acetone odor The blood pressure was 140 systolic and 68 dia- 
stolic The blood sugar content \\as 0 44 pei cent, and the carbon dioxide-combining 
power of the ^enous plasma was IS volumes per cent The urine contained 3 8 per 
cent sugar, 2 plus diacetic acid and a slight trace of albumin The sediment was 
filled with white blood corpuscles The prostate gland was enlarged and boggy 
•V partial intestinal obstruction de\ eloped, and a mass could be felt low down in 
the abdomen He was relieved of diabetic acidosis easily wuth 52 units of insulin 
Howeier, the c\idences of peUic and renal infection with metastatic infection in 
the lungs precluded an\ surgical treatment Ihe nonprotem nitrogen content of 
the blood steadih rose and final Ij reached 105 mg per hundred cubic centimeters, 
and the patient died eight days after entrance to the hospital At autopsy large 
prostatic and periprostatic abscesses, wuth induration and inflammation of the 
tissue about the bladder, were present Bilateral pyelonephritis with abscess for- 
mation and one perinephric abscess as w’ell as nephrohthiasis and acute hemorrhagic 
and suppuratne csstitis completed the involvement of the gemto-urinary tract 
The pancreas weighed 80 Gm , many islands were partially hyalimzed Incidental 
ohsersations included pulmonars abscesses, bronchopneumonia and a diverticulum 
of the duodenum (Since the first report of 2 cases of duodenal diverticulum in 
diabetic patients bs 1 horning and Root,'* 10 other cases have been discovered 1 

Ihe ficquencN and se\entv of genito-unnaiy infections in diabetic 
patients hate not been appieciated geneially In 35 of 196 (18 per cent) 
autopsies at the New ]£ngland Deaconess Hospital infection of the 
urinan tract of a sciious natuie was piesent^® Hematogenous infec- 
tion usuall) due to a stieptococcus oi a staphylococcus, was present in 
25 cases Ascending infection, usually associated with some type of 
obstruction, such as calculi oi prostatic hypei trophy, was present in 5 
cases, and in the lemainmg 5, including cases of pyelonephritis and renal 
abscesses, the oiigin could not be detei mined 

Three of these 35 patients had diabetic coma wnth a reduction in the 
caibon dioxidc-combining pow^ei of the plasma to below 20 volumes per 
cent, and 4 had seveie acidosis The piesence of ketone bodies in large 
amount had not seemed to exeit any favorable influence in letarding 
the bacteiial giowTh Indeed, it is geneially tiue that ketosis in a dia- 
betic patient is associated wnth loweiing of the lesistance to infection 
In these cases it appeared that genito-uiinary infection had been piesent 
befoie the acidosis w^as lecognized and that if it exerted any influence. 
It was in the diiection of diminishing the resistance to the infection 

In diabetic patients infection with Bacillus coll is a seiious menace, 
especially in oldei patients confined to bed by reason of a surgical 
operation Paralysis of the bladder leads to back pressuie and ascending 
infection B cob thrives at a pn of fiom 6 to 7, according to Schohl 

9 Thornmg, W B , Jr , and Root, H F Diverticula of the Duodenum and 
Diabetes, Am J Digest Dis & Nutrition 2 17 (March) 1935 

10 Sharkey, T P , and Root, H F Infection of the Urinary Tract in Dia- 
betes, JAMA 104 2231 (June 22) 1935 
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and Janney,^^ but is inhibited at a pn of fiom 4 6 to 5 and from 9 2 
to 9 6 Possibly other factors are of greater importance when the dia- 
betes IS not under good control Richardson^- found that, regardless 
of the level of the blood sugar, the bactericidal property of the whole 
blood of diabetic patients was weaker than that of nondiabetic patients 
Fuithermore, aftei inoculation with typhoid vaccine a diabetic patient is 
less able to form agglutinins Richardson suggested that this loweied 
lesistance was due chiefly to a disordered state of cellular nutrition 
1 elated to the diminished glycogen leserves A lowered opsonm-pro- 
ducing powei of diabetic blood has been reported by Horster in depan- 
creatized animals Ceitamly the frequency and the insidious, often 
“silent” character of such infections m diabetic patients, especially in 
those with acidosis, is to be borne m mind constantly 

3 The Third Fatal Case m the Present Senes and the Relation of the Condi- 
tion to Ttaiima — An American housewife (case 42) aged 58 entered the Deaconess 
Hospital on Dec 20, 1935, m diabetic coma The onset of diabetes was m May 
1925 Diabetic coma in 1930 and a subsequent carbuncle had been treated success- 
fully In July 1935 a blister appeared on the end of the third right toe, and 
drainage from this area continued for several weeks, while the patient was not 
under our care 

The present illness began with a fall down four stairs on Dec 16, 1935, when 
the patient twisted her right knee The injury seemed at the time to be slight 
She got up and did her usual work for that entire day Alternate hot and cold 
applications were employed, not because of pain but to “prevent trouble ” On the 
next day, however, the patient suddenly felt such severe pain in the knee that a 
physician who was called in gave morphine A day later swelling of the leg and 
pain came on which prevented movement, and the patient was put to bed with the 
leg in an open cast 

Difficult breathing developed on about December 19, and on December 20 the 
patient entered the hospital in diabetic coma, with a carbon dioxide-combinirg 
power of the plasma of 17 volumes per cent and a blood sugar content of 0 42 per 
cent The eyeballs were soft The patient was not entirely unresponsive but was 
delirious and uncooperative With 225 units of insulin and the usual treatment 
with gastric lavage and liquids, given both subcutaneously and intravenously, she 
made a good recovery 

On December 22 the third right toe was found to have become infected about 
and under a callus The right knee was much swollen, as if fluid were present, 
and the presence of fluid was confirmed by roentgen examination There was 

11 Schohl and Janney, quoted by Clark, A Escherichia Coli Bacilluria Under 
Ketogenic Treatment, Proc Staif Meet, Mayo Clin 6 605 (Oct 14) 1931 

12 Richardson, R Immunity in Diabetes I Influence of Diabetes on Devel- 
opment of Antibacterial Properties in Blood, J Clin Investigation 12 1143 (Nov ) 
1933, II Relative Importance of Nutritional State and of Blood Sugar Level in 
Influencing Development of the Agglutinin After Typhoid Vaccine, ibid 14 389 
(July) 1935 

13 Horster, H Beitrag zur Klarung der Ursache der verminderten Wider- 
standsfahigkeit des zuckerkranken Organismus gegen Infektion, Deutsches Arch 
f klin Med 176 502 (July 9) 1934 
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edema of tlic lo\\cr part of the leg but no evidence of lymphangitis A blood 
culture was tahen because of an afternoon fever, but no growth was obtained 
DaiK examinations of the patient were made m the search for a cause for the 
jicrsistent afternoon rise in temperature, ranging to 100 or 101 F , and a leukocyte 
count of 19,000 On December 29 the entire right leg was swollen, and the right 
thigh ^^as definitely larger than the left At this time it did not seem that the 
intectious process in the knee accounted for the fever There had been no break 
in the skin at the knee joint The condition was thought to be due to phlebitis A 
localized area of tenderness de\ eloped on the anterior aspect of the lower third 
oi the thigh On January 5 crepitus was felt in the knee joint, suggesting the 
presence of gas due to infection 

On Januarj 7 purulent fluid was aspirated both from the knee joint and from 
the thigh Streptococcus haemoh ticus w'as growm from the fluid from both areas 
About 6 15 that same c\cmng the patient became faint, and her appearance was 
anxious black stool was passed the next day, but this w'as discounted as she 
had been recen mg iron b\ mouth 

A blood translusion of 750 cc was given on January 8 On January 9 incision 
and drainage of the right thigh and knee joint w'ere made so that the entire thigh 
was laid open Tlic joint capsule was obser\ed to be destroyed by direct extension 
01 infection from the knee joint into the thigh The patient died at 8 o’clock m 
the e\cning, twentj da\s after reco\erj from diabetic coma 

Ihc postmortem anatomic diagnosis was as follow'S duodenal ulcer of large 
size in tlie first portion of the duodenum, with an artery projecting directly into the 
ulcer, nu’ch changed blood in the intestine, indicating a recent hemorrhage, many 
dnerticula of the jejunum, healed appendicitis, fibrous adhesions of the cecum, and 
septic infection of the right knee and thigh The pancreas weighed 60 Gm and 
showed difluse fibrosis and Inahnization of tiie islands of Langerhans Fatty infil- 
tration was abundant, and some Ijmphocjtic infiltration w'as present 

TIIC RESPIKATOR\ METABOLISM IN DIABETIC COMA AND THE 
CARBON DIOXIDE CONTENT OE TIIE BLOOD 

Among the many metabolic changes occuiimg in the patient suffeiing 
fioni advanced diabetic coma, ceitain featuies stand out with special 
piommence One may heie include the total eneigy exchange, changes 
in the body temperature with then effect on energy exchange, dehydia- 
tion, changes in the base concentiation of the blood and tissues conse- 
quent to vomiting and polyuiia, changes in the chemical components of 
the blood and urine, the production of ketone bodies and their excietion 
thiough the lung and kidneys and changes in the function of the kidney 
In the following case report data beaiing on ceitain of these points will 
be presented 

A bov (case 38), aged 17 years, was found on Feb 23, 1923, to have diabetes 
He was first seen by us on March 8, at which time the urine contained 0 1 per cent 
sugar He left the hospital in two weeks, taking S units of insulin three times a 
day, with a diet which included 158 Gm of carbohydrate, 75 Gm of protein and 
120 Gm of fat At this time his net weight was 147 pounds (66 8 Kg ) On Oct 
4, 1927, the urine contained 0 3 per cent sugar The patient was taking a diet 
of 91 Gm of carbohydrate, 78 Gm of protein and 138 Gm of fat The blood sugar 
value was 0 26 per cent The dose of insulin was 20 units in the morning and 20 
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units before supper In April 1929 a roentgenogram of the lungs showed a sus- 
picious increase in the markings, but no definite diagnosis of tuberculosis was 
possible 

About Nov 1, 1935, a rash broke out rather suddenly over the patient’s face, 
scalp, trunk and extremities He had had some acne previously During the next 
week he felt rather weak and could not work, he remained at home On 
November 7 difficulty in breathing and vomiting developed The patient entered 
the Deaconess Hospital on November 8, at about 3 30 p m , in profound diabetic 
coma, although he was not entirely unresponsive to strong stimuli 

At this time the blood pressure was approximately 80 systolic and 42 diastolic 
The pulse rate was 108 The respiration was of the Kussmaul type The eyeballs 

Table 4 — Data on the Analvses of the Blood m Case 38 Duitng Severe Dmbehc 

Coma 


Carbon 

Dioxide 

Combining 

Power of Nonprotem 





Venous 

Nitrogen, 



Blood Sugar, Mg 

Plasma 

Mg per 

Date 

Hours 

per 100 Cc 

Vol % 

100 Cc 

11/ 8/35 

3 30p m 

1,0C8 

4 

70 


4 30 pm 


8 



5 35 p m 

1,050 




7 30 pm 

690 

14 



10 30 p m 

680 

19 


11/ 9/35 

7 30 a m 

110 



11/11/35 

7 30 a m 

50 

68 

33 


Table 5 — Results of Analyses of IE me in Case 38 Duung Severe Diabetic 

Coma 


Date, 1935 

Volume, 

Cc 

Sugar, 

% 

Diacetic 

Acid 

Ammonia 
(Oalcu 
lated as 

Ammonia), Nitrogen, 
Acetone Gm Gm 

Nov 8, admission specimen 

240 

39 

0 

0 014 

0 59 

Nov 8 and 9, 15 hour speeimen 

1,350 

25 

0 

116 

9 70 

Nov 11 and 12, 24 hour specimen 

1,850 

04 

0 

380 



were so soft that even three hours later, after 1,500 cc of physiologic solution of 
sodium chloride and over 200 units of insulin had been administered, Prof J H 
Waite could not measure the tension of the eyeballs with a tonometer The 
patient’s hands and feet were extremely cold The entire trunk, face, arms and 
scalp were spotted with superficial crusted lesions and pustules, later diagnosed as 
varicella Incidentally, varicella developed in the patient’s daughter a few days 
later A few rales were heard in the lungs, but later roentgenograms showed no 
parenchymal involvement Analyses of the blood and urine, with a summary of the 
treatment given, are detailed m tables 4 and 5 Treatment consisted of the 
administration of 220 units of insulin within the first hour and a total of 430 units 
during the first five hours (see table 6) Physiologic solution of sodium chloride 
was given subcutaneously and intravenously Gastric lavage was performed 

The subsequent course in the hospital was entirely uneventful The patient left 
the hospital on November 26, on a diet of 171 Gm of carbohydrate, 114 Gm of 
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protein and 121 Gm of fat, making a total of 2,229 calories His weight was 135 
pounds (61 ICg ), in contrast to 12/ pounds (58 Kg ) at the time of his admission 
to the hospital The dosage of insulin was 24 units before breakfast, 8 units at 
noon, 24 units before supper and 8 units at midnight On this regimen the urine 
was free from sugar 

The total eneig} exchange is usual]} inci eased in the eaily stages of 
diabetic coma Conti ibuting to this eftect aie undoubtedly the extra 
exeilion imolvcd in the deep lespiiation and the restlessness of the 
patient, as w^ell as the diiect eftect of the acidosis This was obseived 
in the cases studied by one of us at the Cainegie Nutrition Laboia- 
tor\ and was also shown m a case of coma (case 36) studied at the 
Deaconess Hospital shortly befoie the case iindei discussion In this early 
stage Iheie is no fall in the body temiDeiatuie How^evei, as acidosis 
adiances and exhaustion comes on wnth dehydiation, the body tempeia- 
tuic falls, and in this stage there may be a change in the total eneigy 
exchange 

Tabie 6 — Ttcalnioit in Case 3S Dunnq Sevcic Diabetic Coma 


Saline Solution 


Hour' Vftcr 

Insulin, 

Intra\cnous, Subcutaneous, 

\dml«Ion 

Units 

Cc Cc 

1 

220 

1,500 

2 

40 

750 

3 

40 


4 

00 


j 

40 


eii 

SO 

750 1,500 


In 01 del to study this point, w^e weie able, thiough the couitesy of 
Dr Francis G Benedict and Di Thorne Caipenter, of the Carnegie 
Nutrition Laboiatory, to observe the oxygen exchange of the aforemen- 
tioned patient b} means of the helmet ai^paiatus devised by Dr Benedict 
With this appaiatus no nose clips oi mouth piece are necessary, and 
wnth a patient thoioughly lelaxed in deep coma, no stiugglmg or other 
complicating factois entei in The results obtained foi the oxygen con- 
sumption in this case are shown in table 7 

At 4 45 p m on Novembei 8, when the patient was apparently 
dying and the rectal tempeiatuie was low, the oxygen consumption 
w^as lower than it was five houis latei, when after treatment the rectal 
temperatuie had risen After the patient’s lecoveiy from acidosis the 
basal metabolism fell again to a level of 1,536 caloiies on Novembei 25 
The lower value of oxygen absorption at the height of coma, even 
though It was still higher than the level obtained later, after complete 
recovery, tends to suppoit the view that the low body temperatuie in 

14 Joslm, E P Diabetic Metabolism with High and Low Diets, Washington, 
D C, Carnegie Institution of Washington, 1923, pp 158-160 
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diabetic coma is not due meiely to loss of heat through the evaporation 
of water but is really due to a depression of heat production, which is 
directly proportional to the length and severity of the acidosis How- 
ever, these are meiely preliminary observations, awaiting further study 
before conclusions can be diawn 

Another evidence of the seventy of diabetic coma is the chaiacter 
of the -respiration In the early stages of diabetic coma the respiration 
may be extraordinarily legular, even though deep Howevei, when 
exhaustion sets in and the body temperature falls, the character of the 
respiration may continue to be deep but may become irregulai In case 
38 the tracings of the respiratory rate showed a considerable vaiiation, 
although this did not interfere with an accurate determination of the 
oxygen consumption The rate varied from 35 to dO a minute This 
rate steadily fell and four hours later was 25 per minute 

Renal function is of fundamental importance m the early stages of 
diabetic acidosis and also later, as it is often the detei mining factoi in 

Table 7 — Oxygen Absoiptxon pei Minute m Case 38 Dm mg and Subsequent to 

Diabetic Coma 


Date, 1935 

Hour 

Oxygen Absorbed 
per Minute, Co 

Temperature, D 

Nov 8 

4 45 p m 

286 

96 0 (rectal) 

Nov 8 

9 45 p m 

S85 

99 0 (rectal) 

Nov 9 

8 OOp m 

317 

99 0 (rectal) 

Nov 16 

8 00 a m 

300 

97 8 (by mouth) 

Nov 25 

8 00 a m 

275 

98 0 (by mouth) 


lecovery In the foregoing case, a specimen of urine obtained by catheter 
was free from diacetic acid and acetone The total amount of ammonia 
was 0 14 Gm , and in this same specimen the total urinary niti ogen 
content was 0 59 Gm , making the ammonia nitrogen-total nitrogen 
ratio 19 per cent During the next eighteen hours the urine contained 
only 1 16 Gm of ammonia, and the total nitrogen content was 9 7 Gm , 
giving a still lower ammonia nitrogen-total nitrogen ratio of 9 9 pei 
cent This extraordinarily low rate of ammonia formation indicated a 
maiked impairment of lenal function and a marked diminution in the 
process of ammonia formation within the kidneys ““ In some cases of 
diabetic acidosis Goodall and one of us found ammonia values as high 
as 5 2 Gm in twenty-foui hours and an ammonia nitrogen-total nitrogen 
ratio up to 39 per cent Another evidence of impairment of the renal 
function IS the fact that the nonprotein nitiogen content of the blood 

I4a Another interpretation would be that there was sufficient alkali in the 
body and no necessity to utilize this mechanism 

IS Goodall, H W, and Joshn, E P The Clinical Value of the Estimation 
of Ammonia in Diabetes, Boston M J 158 646 (May) 1908 
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was 70 mg pei hundred cubic centimeteis Fuitlieimore, it is woith 
noting tliat although the specimen of urine contained no diacetic acid or 
acetone, a qualitative test for acetone perfoimed on the blood plasma 
sho\\ed a maximal amount of acetone present The concenti ation of 
chloride in the mine was at a minimum The first cathetei specimen 
of urine contained 0 2 Gm of sodium chloiide, oi a concentration of 
0 08 per cent This, again, is an index of the degiee of dehydiation as 
veil as of pool renal function, indicating a late stage of acidosis 

In keeping vith these lesints obtained fiom the mine, the blood 
shoved a sugar concenti ation of 1,068 mg per hundred cubic centi- 
meters This concenti ation was lapidlj reduced with the use of insulin, 
the patient leccning about 100 units per hour dining the first three 
houis of tieatment and a total of 510 units m the fiist eleien hours 
For this discussion the most impoitant of the anal}ses of the blood 
vas that of the cat bon dioxide-combming powei of the venous plasma 
The \alue obtained ivas 4 volumes pei cent It should be lemembered 
that the low ^aluc of 4 lolumes per cent foi the carbon dioxide-com- 
bining povei repiesents the bicaibonalc concentration of the separated 
plasma equilibrated vith 5 5 pei cent caibon dioxide (alveolar air) at 
loom tempeiatuie The carbon dioxide content of venous plasma, i e, 
the concenti ation of bicarbonate plus dissolved carbon dioxide, amounted 
to 8 5 \olumes pci cent about one horn aflei the patient’s admission to 
the hospital and aftei 150 units of insulin had been administered and 
vas deteimmed by Piof A B Hastings Di John Talbot, of the 
Massachusetts General Hospital, anal}7ed arteiial blood about one and 
a half hours after the imtient’s admission to the hospital, ivhen 1,500 cc 

16 The carbon clioxiclc-combining power of the venous plasma of our patients 
in coma has been determined under the direction of Miss Hazel Hunt, formerly 
the prnate assistant of Prof Otto Folin, by the method of Van Slj'ke and Cullen 
(J Eiol Chem 30 289, 1917), except that the apparatus used has a specially 
designed pipet with a scale-bearing portion about two and one-half times the 
length of the standard apparatus This has enabled us to read low values more 
accurately Of our 318 patients in coma, 36 have shown the carbon dioxide- 
combining power of the plasma as determined b}’’ this method to be S volumes per 
cent or less, in fact, 9 have had values as low as 2 lolumes per cent In criticizing 
values as low as these Hartmann (Hartmann,^ p 429, footnote 8) overlooked the 
fact that when one uses the table of V an Slyke and Cullen (J Biol Chem 30 344, 
1917) to calculate the carbon dioxide-combinmg power, one automatically makes 
allowance for physically dissolved carbon dioxide While this method may not 
give as accurate an indication of the acid-base balance of the blood as do deter- 
minations of the hydrogen ion concentration and of the carbon dioxide content of 
blood drawn anaerobically, it is convenient and practical for clinical laboratories 
and “gives results practically as valid as determinations of carbon dioxide on 
anerobically separated plasma,” according to Peters and Van Slyke (Quantitative 
Clinical Chemistry, Baltimore, Williams & Wilkins Companj', 1932, vol 2, p 251) 
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of physiologic solution of sodium chloiide subcutaneously and 220 
units of insulin had been administered This arterial blood bad a carbon 
dioxide content of 5 3 volumes per cent 

The increase m the carbon dioxide-combimng power of the blood 
was steady so that within seven hours on November 8 the value had 
risen to 19 volumes pei cent On Novembei 11 the carbon dioxide- 
combmmg powei of the venous plasma was 58 volumes per cent The 
use of sodium lactate in racemic mixture has been suggested Two 
articles by Prof Graham Lusk^® on the effect of lactic acid on the 
metabolism give some data on its effect when given to dogs 

Lusk added sodium bicarbonate in certain of his expeiiments so that 
he was practically giving sodium lactate to the dog It is not possible 
to see from the data which he gave that the addition of sodium bicar- 
bonate, bringing about piactically a solution of sodium lactate, made any 
difference in the results of the metabolic studies If anything, the sodium 
lactate gave slightly lowei results, but it is questionable whethei the 
differences are significant Apparently the sodium lactate had no more 
influence on the metabolic rate of these animals than dextrose would 
have had 

Hartmann stated that i acemic sodium lactate given in amounts 
equivalent to 7 cc of molar solution pei kilogram of body weight pro- 
duces an increase of 25 to 50 per cent in the oxygen consumption when 
injected intravenously in noimal human subjects, and he said that a 
similar effect probably occurs in the diabetic patient Indeed, he attrib- 
uted the intense hyperpyrexia m 1 of his cases of fatal diabetic coma to 
this cause Therefore he recommends a sixth-molar solution of i acemic 
sodium lactate in amounts equivalent to 1 Gm of sodium bicarbonate 
per kilogram of body weight He maintained that this large amount 
may safely be given without danger of alkalosis, because the sodium 
lactate must fiist be metabolized before it is converted into sodium 
bicarbonate Such metabolism requires fiom two to four hours' In a 
case of advanced coma death might occur before the solution of sodium 
lactate was metabolized 

Actually the dose amounts to 60 cc per kilogram of body weight, 
01 3,600 cc of sixth-molar concentration for a man weighing 133 pounds 
(60 Kg ) It would be of value to see the respiratory data foi a patient 
in advanced diabetic coma so treated We have already obtained the 
solution and if we find it of value we will report on it 

17 Hartmann, 2 p 434 

18 Atkinson, H V , and Lusk, G The Influence of Lactic Acid upon 
Aletabolism, J Biol Chem 40 79 (Nov ) 1919 Lusk, G The Behavior of 
Various Intermediar}^ Metabolites upon Heat Production, ibid 49 453 (Dec ) 1921 

19 Hartmann,2 p 431 

20 Hartmann,2 p 430 
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DIABEIIC COMA IN CHILDHOOD AND YOUTH 

Can the lieatment of se\eie diabetic acidosis which is used at present 
in the St Louis Childicn’s Hospital be lecommended as a safe method 
foi the }Outhful patient^ The moitahty among 16 patients so treated 
was 13 pel cent,“^ which was (a) six times the moitahty among 54 
childien in diabetic coma whose plasma combining power was 15 volumes 
pei cent oi less and who weie tieated without alkali at the Geoige F 
Bakei Clinic of the New England Deaconess liospital between 1923 
and Decembei 1935, with 1 death, oi a moitahty rate of 1 8 pei cent, 
(b) ihiitcen times the moitahty foi oui 87 cases m which the onset of 
diabetes occuned when the child W'as less than 15 years old and the 
plasma caibon dioxide content w'as 15 volumes per cent oi less (a seveier 
test of therapy, foi mortality iiici eases wuth age), m which there was 
1 death, oi a moitahty of 1 pei cent, (c) tw^enty times the mortality 
foi 0111 134 cases, if w'e adheie to oiii foimei classification of coma 
(fall of the plasma combining pow^ei to 20 volumes per cent or below), 
in which there w'as 1 death, oi a moitahty of 0 7 per cent 

It is unfortunate that m 2 of Dr Flartmann’s cases of pneumonia 
the diagnosis w^as not pioved b}^ loentgenogiaphic oi pathologic exami- 
nation, because the fiequent occuiience of fevei, leukocytosis and rales 
duimg coma thiow's some doubt on such an unsubstantiated diagnosis 
Of our 134 juvenile patients, 10 had lales and a total of 21 had infec- 
tions, including acute infection of the respiratoiy tract, acute appendi- 
citi,?, pyelitis, caibuncles and tuberculous pneumonia, all lecovered, 
although the patient woth tubeiculosis died eight months later in a state 
sanatoiium for tubciculous patients 

It IS true that wuthout alkali the average use of the alkali reserve 
is slow — 11 \olumes pei cent m Haitmann’s series of 16 cases and 12 
in ouis eight houis aftei treatment But if our comparable mortality 
rate is only 2 per cent and his wuth a moie lapid rise is six times that, 
can W'e believe that the slow use is harmfuH Is it not moie logical to 
believe that the lapid rise gives a false sense of secuiity and that the 
fundamental fault in diabetes, namely, insulin insufficiency, has been 
overlooked ^ 

Is the suggestion m Di Flaitmann’s papei substantiated — that dia- 
betic coma because it occurs m Boston is of necessity of lessei degree 
than that which occurs m St Louis ^ Do his chemical and clinical data 

21 Hartmann, 2 p 422, chart 4 Here he mentioned 16 cases, but on comparison 
with table 1, page 415, it appears that only 12 patients with severe acidosis were 
treated ivith the racemic lactate Evidentlj’’ he has added 4 cases from the S 
mentioned in the footnote on page 414 with a carbon dioxide content of 9 6, 11 5, 
12 2, 21 7 and 26 volumes iier cent, respectively, although it seems as though only 
the first 3 of these were relevant 
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bear this out^ Actually he has included m his senes of 86 cases 14 in 
which the carbon dioxide content was over 35 volumes per cent — unde- 
niably mild involvement Even in the 19 cases in which the carbon 
dioxide content was between 25 and 35 volumes per cent the disoider 
was too mild to be consideied in discussing the treatment of “severe 
acidosis,” although concomitant infection might have made the geneial 
clinical condition piecarious 

The authoi is mistaken in the statement that he followed our 
methods of treatment, as his dosage of insulin was so much less than 
ours The range in our series has been from 0 2 to 17 units per kilo- 
gram of body weight in twenty-four houis Usually thiee fouiths of the 
amount is administered m the first six hours by subcutaneous injection 
in small divided doses at intervals of fiom fifteen minutes to one hoiii 
In 8 of our entiie series of cases in which from 10 to 17 units per 
kilogiam of body weight had been given, we are afraid that death would 
have intervened if only 2 units of insulin per kilogram of body weight 
had been given in the initial dose and none for six hours 

CONCLUSIONS 

Three hundred and eighteen patients m diabetic coma with a caiboii 
dioxide-combining power of the venous plasma of 20 volumes per cent 
or less have been treated without alkalis, with a mortality of 1 1 9 pei 
cent Among the last 42 cases there were 3 deaths, giving a mortality 
of 7 1 per cent In 1 of these 3 fatal cases insulin was not given 
because of an error m diagnosis The second patient died eight days 
after relief from acidosis was obtained, as a result of infection of the 
gemto-urinary tiact The third patient died twenty days aftei relief 
from acidosis was obtained, as a result of infection of the leg Con- 
sidering childien aged 15 yeais or less at the time of the coma, there 
has been only 1 death among 87 patients with an initial carbon dioxide- 
combming power of the plasma of 20 volumes per cent or less and 1 
death (the same patient) among 54 with an initial carbon dioxide-com- 
bining power of 15 volumes per cent or less Until data are reported 
which show better results than those obtained with our methods, often 
pieviously described, we see no reason to adopt more complicated pro- 
cedures involving the use of alkalis or, specifically, sodium lactate which 
in the hands of their originators yield lesults inferior to ours 

No universal rule for the administration of insulin m coma is pos- 
sible, because insulin must be given according to the severity of the coma, 
determined clinically and chemically, the age of the patient, the body 
weight, the duration of the diabetes as well as of the coma and the pie- 
ceding treatment, particulaily with insulin Believing that one cannot 


22 Hartmann,- p 428 
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predict the couise of diabetic coma foi six houis in advance, we dis- 
appio\e of an endeavoi to give a single dose of insulin and no other 
until the end of that peiiod 

Oui lesults have been seemed by the use of (1) insulin given sub- 
cutaneoush, and at times mti aveiiously, eveiy fifteen to thiity minutes 
in doses of 20 to 50 units (occasional!}^ as high as 100 units, especially 
intra\enously) amounting m the aveiage case to approximately 200 units 
in t\\ent}-foui hours (2) the hbeial use of salt solution subcutaneously 
and often intravenously as well to combat dehydration, (3) lavage of 
the stomach in neaily all instances unless the attending doctor accepts 
lull responsibilit} foi its omission, (4) liquids by mouth at an initial 
late not to exceed 100 cc hourly and (5) unless 50 Gm of soluble 
caiboh}diate or moie is taken m the fiist twelve houis and again in 
the second t^^elve houis, dextiose intiavenously or subcutaneously, and 
(6) alva}s an endeavoi to piotect and stimulate the ciiculation by good 
nursing and by the use ol epinephiiiie and ephedrme for falling blood 
pressure 
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II UROBILINOGEN IN THE URINE AND EECES OF SUBJECTS 
WITHOUT EVIDENCE OF DISEASE OF THE LIVER 
OR BILIARY TRACT 

CECIL JAMES WATSON, MD 

MINNEAPOLIS 

The tests for urobilinogen in the urine and feces which are com- 
monly employed in the clinical study of jaundice and of hepatic function 
have not met with general approval, because of the varying and indefinite 
results obtained In a recent review of the literature on tests of hepatic 
function by Sofifer ^ this was in effect the conclusion reached When 
one considers the varying dilution of the urine as well as the varying 
hourly excretion of the noimal traces of urobilinogen in the urine 
(Bang and the much larger amounts present in the normal feces 
(Singer®), in which the concentration also is subject to wide variation, 
and when one considers further the daily and even hourly variations in 
the degree of urobilinuria m pathologic states, it is little wonder that 
qualitative tests, such as those of Ehilich ^ and Schlesinger,® and roughly 
quantitative procedures, such as those of Wilbur and Addis ® and 
Wallace and Diamond,^ have often yielded confusing results The 
need for knowledge of the per diem excretion of urobilinogen has been 
recognized by many, among whom von Muller ® and Gerhardt ® were 
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the eailiest Eppingei and Chainas and later Eppinger made a con- 
sideiable advance in the study of this subject Employing moie reliable 
methods, Lichtenstein and Terwen,^- Adler and Bressel and I fur- 
thei demonstiated the potential value of estimation of urobilinogen As 
3et, howevei, there has been no systematic investigation of the daily 
excretion of urobilinogen in the various types of jaundice and hepatic 
disease By this is meant that the number of instances of any one 
disease has been too small in previous studies to permit of urobilinogen 
estimations in the stud} of this group of diseases 

In a separate communication reasons were given for distrusting 
the methods depending on the characteristics of urobilin, and an 
impioved metliod for the quantitatne estimation of urobilinogen was 
described This method has been used in a study of the urobilinogen 
excretion of two hundred and five subjects The present communication 
deals with the excietion of urobilinogen by normal subjects and by 
subjects sufteiing from various abnormal states, such as fever, malnu- 
tntion, inactivit} , anemia and hematopoietic disease, in all of which 
jaundice or hepatic disease, if present, was not the primary or prom- 
inent pathologic piocess This investigation is introductory and par- 
ticularly intended to serve as a control foi that repoited in paper III 
of this senes, which will follow In paper III the excretion of urobili- 
nogen in one bundled and thirty-five cases of the common forms of 
jaundice and hepatic disease will be discussed, and it will be shown 
that the vaiious foims of jaundice aie lather uniformly characterized 
b} per diem excretion of urobilinogen of different magnitudes, which 
has evidently not been emphasized sufficiently in the past This is 
particularly true foi the distinction of obstructive jaundice due to neo- 
plastic disease from other forms of jaundice It has been found that 
a heightened excretion of urobilinogen in the mine, when studied with 
the method described, is an almost constant accompaniment of hepatic 
dysfunction or diffuse hepatic disease In a later communication a com- 

10 Eppinger, li, and Charnas, D Was lehren uns quantitativen Urobihn 
Bestimmung im StuhP Ztschr f klin Med 78 387, 1913 

11 Eppinger, H Die hepatolienalen Erkrankungen, Berlin, Julius Springer, 
1920, pp 76-91 

12 Lichtenstein, A, and Terwen, A J L Ueber Blutmauserung und Uro- 
bilinausscheidung, Deutsches Arch f klin Med 149 113, 1925 

13 Adler, A, and Bressel, M Urobihnogenbestimmung in Stuhl und Harn- 
mittels der neuen Extraktionsmethode, Deutsches Arch f klin Med 155 326, 
1928 

14 Watson, C J The Average Daily Elimination of Urobilinogen in Health 
and in Disease, with Special Reference to Pernicious Anemia, Arch Int Med 
47 698 (May) 1931 

15 Watson, C J Concerning Urobilinogen I An Improved Method for 
the Approximate Quantitative Estimation of Urobilinogen in Urine and Feces, 
Am J Clin Path 6 458, 1936 
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parative study of urobilinogen excretion, biomsulfalein retention and 
galactose tolerance in hepatic disease will be described From this study 
It appears that, of the three tests, the determination of the daily amounts 
of urobilinogen in the urine and feces provides the most reliable infor- 
mation legarding the function of the liver and the causes of jaundice 

MATERIAL AND METHODS 

The quantitative method employed in this investigation has been 
described in detail in paper I of this series , the most important fea- 
tures of the method are given briefly in the following paragiaphs 

1 Feces A 10 Gm portion of the well mixed collection of feces for a four 
day period is thoroughly ground in a mortar with a few cubic centimeters of dis- 
tilled water and diluted further to a total of 300 cc or only to 100 cc in case 
the feces are obviously acholic This mixture is poured into a 500 cc 
Erlenmeyer flask containing 100 cc of a 20 per cent solution of ferrous sulfate 
(20 Gm of ferrous sulfate, 92 cc of water) Prior to solution the ferrous sulfate 
IS powdered in a mortar Finally, 100 cc of a 10 per cent solution of sodium 
hydroxide is added with constant mixing The flask is corked and allowed to 
stand for one hour^s To 2 or 3 cc of the filtrate an equal amount of a modified 
Ehrlich’s reagent is added, and then several cubic centimeters of a saturated 
aqueous solution of sodium acetate Depending on the intensity of the color that 
develops, from 1 to 50 cc of the filtrate is used in the quantitative procedure 
Thus, if the color is intense, 1 cc or even less will suffice , if pale red, from 5 to 
10 cc , if faint, 25 cc , if absent, 50 cc It is desirable that the amount of filtrate 
chosen should be only enough so that the final colored solution does not exceed 
100 cc and that its color is not more than 50 per cent on the standard scale to oe 
described The amount of filtiate decided on is placed in a 125 cc pear-shaped 
separatory funnel, covered with 30 cc of purified petroleum benzine (petroleum 
ether) — after the filtrate is diluted to 20 cc with distilled water if less than this 
amount of filtrate was used — and then strongly acidified with glacial acetic acid 
and shaken vigorously for several seconds After separation the aqueous fraction 
IS extracted twice more with purified petroleum benzine The combined solution 
of petroleum benzine is washed twice with water and then shaken vigorously 
with 1 or 2 cc of the modified Ehrlich reagent At least twice as much of a 
saturated aqueous solution of sodium acetate is added, the maximum color now 
appearing After vigorous shaking the colored solution is separated into a 
100 cc graduated cylinder, and the petroleum benzine is again extracted with 
Ehrlich’s reagent This is repeated until the urobilinogen has been entirely 
removed (there is no further development of color) Each extraction is fol- 
lowed by the addition of sodium acetate, shaking and separation of the aqueous 
fraction into the cylinder The colored solution is then made up to a volume 
convenient for calculation and mixed, and a sufficient amount is poured out to 

16 Slightly lower values are obtained if the mixture is allowed to stand over 
night For this reason the values given subsequently, as well as in part III, are 
undoubtedly slightly too low, since the mixture was allowed to stand over night 
in most of these instances 

17 This contains 0 7 Gm of paradimethjdammobenzaldehyde, 150 cc of con- 
centrated hydrochloric acid and 100 cc of distilled water 
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fill tlic 1 ight hand test tube of a Hellige-Dunning colorimeter Should the 
intensity of color be greater than 50 per cent of the standard, a further dilution 
IS made, as comparisons are most accurate between 20 and 50 per cent 

Calculation 

Cc of ferrous h 3 'droxide mixture X Cc of final colored solution 

Gm of feces Cc of filtrate used 

X percentage of color standard X weight of 4 day amount of feces 

100 

X 1 

— = Mg of urobilinogen per day 

No of da 3 ’’s’ collection of feces 

Example 

500 X 4SX0 35 x28X % =■ 183 7 mg per day 
10 3 

Standardization of the colorimeter in terms of crystalline mesobilirubinogen 
(urobilinogen) has been described in the publication already referred to^^ 

2 Urine A twenty-four-hour sample of urine is collected m a dark bottle 
containing approximately 5 Gm of sodium carbonate and 100 cc of purified 
petroleum benzine After collection the urine is separated from the petroleum 
benzine and measured Fifty cubic centimeters of the mixed urine is placed in an 
Erlenme 3 er flask of 300 or 500 cc capacity To this is added, with thorough 
mixing, 25 cc of 20 per cent ferrous sulfate (5 Gm of the powdered crystals of 
ferrous sulfate dissohcd in 23 cc of water) and 25 cc of 10 per cent sodium 
h 3 dro\ide After one hour a qualitative test on the filtrate determines the 
optimal amount for the quantitative procedure The amount chosen is treated in 
the same way as given previously for the feces The extraction of urobilinogen 
from the petroleum benzine is carried out m the manner given for the feces A 
comparison is then made in the colorimeter The calculation is as follows 

100 Cc of final colored solution 

— X 

50 Cc of filtrate used 

X Percentage of standard 
X Vol of 24 hour urine 

100 

= Mg of urobilinogen in 24 hours 

Example (hepatic dysfunction) 

2 X 20 X 0 18 X 14 = SO 4 mg in 24 hours 

2 

18 A permanent glass standard colorimeter for determinations of phenol- 
sulphonphthalein in urine obtained from Hynson, Westcott and Dunning Co, 
Baltimore 

19 In paper I results of comparative estimations following different methods 
of collecting the urine were given The majority of the results which are given 
here and in paper III were obtained after collection of the urine in ferrous 
hydroxide It was shown in paper I that the collection under petroleum benzine 
IS somewhat more efficient, for this reason the values to be given here and in 
part III are slightly low 



Dara on the Urmaiy E\ action of Uiobtlmogen 


Urobilinogen 
Excretion, 
Hemo Mg per Day 

globin, Icterus , ^ , 

Case Diagnosis Sex Age % Index Dnne Feces 

Group 1 Normal Subjects and Hospital Patients IVithout Fever, Anemia, Jaundice or Other 
EMdenee of Disease of the Lner or Biliary Tract 

A Feces and Urine 


1 

Normal 

M 

25 

85 

Trace 

156 4 







1S9 0 

2 

Normal 

M 

29 

89 

0 93 

108 0 

3 

Normal 

M 

24 

102 

216 

279 4 

4 

Normal 

F 

22 

85 

0 46 

40 9 






2 mo later 

42 0 

5 

Normal 

M 

55 

90 


162 0 

6 

Normal 

P 

21 

85 

Trace 

1802 

7 

Normal 

M 

40 

98 

Negative 

2612 

8 

Normal 

M 

34 

90 

0 40 

278 4 

9 

Normal 

m: 

23 

85 

3 60 

199 8 

10 

Normal 

M 

19 

96 

Trace 

140 4 

11 

Normal 

M 

24 


1 70 

259 9 

12 

Normal 

M 

25 

87 

3 40 

89 8 

13 

Normal 

M 

26 

101 

0 35 

158 3 

14 

Normal 

M 

24 



189 0 

15 

Normal 

F 

22 

82 

080 

76 0 

16 

Epilepsy 

M 

33 

101 

050 

262 5 

17 

Spinal cord tumor (no paralysis) 

M 

52 

97 

0 70 

2012 


B Additional Determinations 




18 

Normal 

F 

22 


0 98 


19 

Normal 

F 

20 


120 


20 

Normal 

F 

22 


170 


21 

Normal 

M 

25 


2 00 


22 

Fracture of femur 

M 

40 


110 


23 

Quiescent tuberculosis of spine 

F 

42 


Trace 


24 

Obesity (397 pounds) 

M 

46 


0 70 


25 

Injury to eye 

M 

46 


1 80 


26 

Gastric ulcer 

M 

32 


Trace 



Group 2 Persons with Mild Infection, Inanition or Inactivity (No Jaundice or Anemia) 

27 

Atrophy of optic nerve, sciatic neuritis 

M 

37 

91 

Trace 

54 2 

28 

Chronic arthntis 

M 

31 

81 

100 

938 

29 

Multiple neuritis 

F 

38 

99 

0 24 

22 8 

30 

Inanition following bums, pyelonephritis, ne 

F 

17 

82 

Negative 

886 


phrolithiasis 





25 1 

31 

Darge carcinoid tumor of cecum, extreme mam 

F 

63 

77 


8 8 


tion 







Group S Persons with Conditions 

Associated 

with Fever 


32 

Subacute bacterial endocarditis, constant fever. 

M 

45 

63 

14 Trace 



100 to 103 F 






33 

Subacute bacterial endocarditis, continuous 

M 

17 

52 

28 0 85 



fever, lOl to 103 F , 26,000 leukocytes 






34 

Undulant fever, temperature 99 to 101 F , no 

F 

24 

74 

0 80 



jaundice 






35 

Infectious arthritis, fever, 99 to 102 F , no 

F 

42 

57 

Negative 



jaundice 






36 

Hodgkin’s disease with fever, anemia, spleno 

M 

34 

36 


225 8 


megaly 






37 

Hodgkin’s disease, intermittent fever spleno 

M 

35 





megaly, anemia 







Febrile 



51 

18 35 3 

269 8 


Afebrile 



50 

12 

127 4 

38 

Malaria (therapeutic) 

M 

31 

76 

10 10 9 

233 9 

39 

Pneumonic following postoperative atelectasis. 

M 

38 

89 

26 37 6 



mild icterus 






40 

Pelvic cellulitis and bacteremia, jaundice 

F 

38 

70 

27 20 5 

208 2 

41 

Pulmonary abscess, empvema, no jaundice 

M 

37 

55 

83 


42 

lobar pneumonia, slight icterus 

F 

22 

86 

20 32 5 

325 5 



Daia on the Jjijnmy Exetetton of Uiobtlinogen — Continued 


Hemo 


Case Diagnosis 

Group J Persons iMth ‘\ncniia or O 

•S3 Pernicious anemia 

Prior to Jiver tlierapi 
Alter ]i\er thenp\ 

^4 Pernicious anemia 

Prior to Iner tlicrap\ 

After liter therapt 

45 Pernicious anemia 

Prior to liter tlrerapt 
Aftci liter tliernpj 

4G Pernicious anemia, prior to 'iter tlierapj 

47 ‘Pernicious" ttpo of anemia ttith pregnancj, 
free litdroclilonc acid m gastric contents 

4E Htpercliromic anemia tvith mj\cdcma, 2,480,000 
ert tlirocj tos 


Urobilinogen 
Excretion, 
Mg per Day 


49 


50 


51 


54 

55 
5G 


C3 

C4 


Ut percliromlc anemia ttiih lymphatic leukemia, 
Icukopcnn tilth manj immature Ijmphocjtes, 
no enlargement of spleen, liter or Ijmph nodes 

lltpochroinic anemia duo to bleeding hemor 
rholds 

Idiopathla h} poehromlc anemia, djsphagia, 
koilonjchia, hypochlorhjdna 

Idiopathic hj poehromlc anemia, achlorhydria 

Idiopathic h 3 pochroniic anemia, menorrhagia, 
glossitis, dysphagia, marked koilonjchia, free 
litdroclilonc acid 


Idiopathic stcatorrliea 
Uj poehromlc anemia 


(nontroplcai sprue), 

Hjpochromic anemia of pregnanej 

Severe anemia foliotting pregnanej, no response 
to liter therapj , improtcinent following trans 
fusions 

57 Skin tuherculo=l=, Little s disease, mild hypo 

chromic anemia 

58 Mild hjpochromic anemia 

59 Osteomjelitls, hjpochromic anemia, low grade 

fetir 

00 Probabln llnntl disease, 6 months' pregnanej , 
hj poehromie anemia 

10 months later, spleen remains markedly 
cnlargccl 

Cl lit poehromlc anemia with multiple bone metas 
tascs from carcinoma of breast 

C2 Mjelophthlsic anemia with aleukemic Ijmph 
adenosis 

Lead poisoning, colic, basophilic stippling 


Polj cytliaemin tera, large subcutaneous hemn 
toma in flank and loin appeared several days 
before admission, 7,400,000 erythrocytes 
Two months after disappearance of hematoma 

05 Poltcjlhaemia vera, 7,800,000 erj’throcytcs 

00 Polycythaemia tera (3 years), angina pectoris, 

recent congestive heart failure, 5,850,000 eryth 
rocj tes 

07 Polycythaemia vera, 7,750,000 erythrocytes 

CS Poljctthaemn vera, 6,700,000 erythrocytes 

09 Pohcvthapmir, vera ',050,000 erythrocj'tes 


Sex 

Age 

% 

Index 

Unne 

Peces 

her Hematopoietic Disease 


P 

44 

20 

27 

6 70 

587 0 



44 

11 

0 30 

210 0 

P 

40 

28 

22 

0 70 

600 0 



05 



189 3 

M 

52 

15 

11 

16 10 

338 0 



53 


0 20 

61 0 

M 

25 

44 


2 90 

622 5 



24 

10 

1 90 

330 2 

r 

51 

05 

10 

Trace 

22 5 






46 3 






66 1 



49 



252 



07 



126 7 

F 

38 

60 



27 0 

P 

39 

61 

13 

0 

71 9 

P 

43 

64 


Trace 

53 S 



56 



53 3 

P 

47 

40 

6 

0 

45 4 

P 

40 

44 


Trace 

21 0 

M 

42 

00 

4 5 

4 50 

127 5 

P 

19 

44 

50 

Trace 

107 0 

P 

29 

13 

10 0 


24 0 

M 

IS 

70 


0 40 

34 4 

P 

18 

74 


Trace 

416 

P 

54 

00 


Negative 

16 5 

P 

24 

53 

0 

20 70 

121 9 



78 


1 60 

2’06 

P 

43 

25 

6 


56 0 

M 

53 

34 

9 

1 40 

65 

M 

50 

60 



173 4 

M 

01 

129 

11 

2 10 

4910 





980 

4317 



114 

14 

3 30 

1916 

M 

GO 

106 



1041 

M 

53 

122 


1 70 

344 7 

M 

53 

134 

27 

Trace 

110 6 




26 



P 

57 

118 

17 

Trace 

347 6 

M 

60 

324 

7 

Negative 

37 s 
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Throughout this investigation, as well as that which is reported in paper III, 
specimens of urine giving a negative or low value with the quantitative method 
were subjected to the ordinary qualitative tests of Ehrlich and Schlesinger In 
a few instances only, one or the other or both of these tests were found to be 
weakly or questionably positive However, a weak Ehrlich reaction is not neces- 
sarily indicative of the presence of urobilinogen In certain instances it was found 
that the petroleum benzine extract of urine which exhibited a weak Ehrlich reaction 
did not show the characteristics of urobilin, i e, absorption at 495 millimicrons 
and green fluorescence with zinc after prolonged exposure to light, nor did these 
characteristics appear after application of the Garrod-Hopkins 20 precipitation with 
ammonium sulfate followed by exposure to light On one occasion the Ehrlich 
reacting substance, after acidification of the filtrate, was not extracted by petroleum 
benzine, and m this instance the absorption spectrum of the urine with Ehrlich’s 
reagent was not that of the urobilinogen-aldehyde compound The maximum 
absorption of the former was found to be at 574 6 millimicrons, and weaker 
absorption was noted at 534 7 millimicrons, while a urobilinogen-aldehyde solution 
exhibited absorption at a maximum of 561 1 millimicrons On supenmposition 
of these spectra, a wide separation of the bands was observed This substance 
could not be identified, but it did not appear to be indole or skatole, since it was 
not extracted with petroleum benzine and since the Ehrlich reaction did not disap- 
pear after the addition of sodium acetate 

The studies composing paper I include estimations of the excretion of uro- 
bilinogen in sixty-nine instances These have been divided into four groups as 
follows 

No of Subjects 

Group 1 Normal subjects and hospital patients not having 
fever, anemia, jaundice or any evidence of disease 
of the liver or of the biliary tract 

A For whom both urine and feces were 


investigated 17 

B For whom only urine was investigated 9 
Group 2 Subjects in whom mild infection, inanition or inac- 
tivity was the only abnormal factor present 5 

Group 3 Hospital patients having various febrile diseases 11 
Group 4 Patients with anemia, leukemia, polycythemia or 

some other hematopoietic disease 27 


The percentage of hemoglobin was estimated bv the Sahh method, 17 Gm of 
hemoglobin per hundred cubic centimeters corresponding to 100 per cent The 
icturus index was determined by Bernheim’s -- modification of Meulengracht’s 
method 

20 Garrod, A E , and Hopkins, F G On Urobilin I The Unity of Uro- 
bilin, J Physiol 20 112, 1896 

21 Terwen, A J L Ueber eine neues Yerfahren zur quantitativen Urobihn- 
bestimmung im Plarn und Stuhl, Deutsches Arch f klin Med 149 72, 1925 

22 Bernheim, A R The Icterus Index (a Quantitative Estimation of Bili- 
rubinemia) An Aid in Diagnosis and Prognosis, J A M A 82 291 (Jan 26) 
1924 



n ATSON— UROBILINOGEN 


203 


COMIMENT ON OBSERVATIONS 

The icsults noted in the accompanying table indicate that the 
uiinar} uiobihnogen, as detei mined the method described, vanes 
1101 mall} between 0 and 4 mg per day, usually f i om 0 5 to 2 mg In 
the eailier im estigation aheady leferied to the urobilinogen content 
of the feces in thiitecn noimal subjects vaiied between 54 and 245 mg 
per da} The lalues noted in the piesent investigation indicate a lange 
from dO to 280 mg so it is evident that there is lather wide variation 
in the noimal excietion of uiobihnogen m the feces Inactivity 
inanition oi lov giade infection oi a combination of these appears to 
be accompanied vith a deciease in the amount excreted 

The \ allies m gioup 3 demonstiate that fevei alone is insufficient to 
cause inci eased excietion of urobilinogen in the mine Weiss has 
emphasized this fact b} stating that uiobihnuiia and fevei aie not 
coordinated phenomena The type of infection appears to be a more 
important factoi Urobilmuiia m pneumonia has been emphasized by 
Weiss,-^ Adlei and Bicssel and Simpson,-* and the lattei authoi was 
one of the fiist to stiess its occuirence in malaiia Weiss-® stated that 
febiile conditions are often associated with an increased excietion of 
urobilin in the feces The present lesults appeal to bear out this state- 
ment, although 111 onh two instances iveie the amounts sufficiently high 
to be decisive The hist (case 42) was an instance of lobai pneumonia 
with ictcius, and the second (case 37), one of Hodgkin’s disease during 
a febrile peiiod In neithei could the icteius be said to have been more 
than partly hemolytic in origin, since the laige amount of uiobihnogen 
in the urine pointed to a consideiable reduction in the hepatic function 
It is worthy of note that in the instance of Hodgkin’s disease mentioned 
the output of urolnhnogen was moie than halved after the fever abated 
The possible lelationship of fever, anemia and an increased destruction 
of blood in Hodgkin’s disease, as measured by the excretion of uio- 
bilinogen, is deseivmg of further study An instance of profound 
hemolytic anemia in a patient with Hodgkin’s disease dnd persistent 
fever has lecently been observed, the findings will be presented in 
papei III of this investigation in the section devoted to hemolytic 
jaundice 

Unfortunately, it is difficult, and at times impossible, to obtain satis- 
factory collections of stools from peisons suffering from severe febrile 
disease In several of the cases in group 3 attempts were made to obtain 
four day collections of feces, but the amounts weie so small that no 

23 Weiss, M Ueber Urobilin und seme diagnostische Verwertung, Wien 
Arch f inn Med 20 39, 1930 

24 Simpson, G C E On the Quantitative Estimation of Urobilin in the 
Excreta, and Its Value as a Measure of Haemoglobin Metabolism, Biochem J 
C 378, 1911 
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reliance could have been placed on determinations based on them Since 
in normal subjects a four day collection of feces weighs between 300 
and 500 Gm , estimations based on collections weighing less than 250 
Gm must be expected to yield relatively lower values Assuming that 
none of the feces for the period are lost, this is probably because of an 
inci eased lesorption of urobilinogen incident to constipation (Wilbur 
and Addis ®) 

The results in the cases of pernicious anemia are entirely comparable 
with those which I have previously reported The marked drop in 
the amount of urinary urobilinogen coincident with the reticulocyte 
response to liver therapy was again noted, as was also the considerable 
deciease in the amount of urobilinogen in the feces It is noteworthy 
that in two instances (cases 44 and 46) a considerable increase of 
urobilinogen was observed in the feces without an increase in the urine 
The question of the relationship of urobihnuna to an increased destruc- 
tion of blood and simple “overflow” of urobilinogen into the general 
ciiculation will be discussed in paper III of this series With the 
exception of one patient who had a pernicious type of anemia with 
pregnancy, the other cases of anemia investigated were characterized 
by normal or less than normal amounts of urobilinogen in the feces 
The findings in cases 48 and 49 are particularly significant, since they 
indicate that hyperchromic anemia need not be accompanied with an 
increased urobilinogen excretion Two patients with leukemia, not 
included among those just mentioned, are of interest m this connection 
Both of these patients exhibited a pernicious type of anemia with slight 
icteius, for one (aleukemic lymphadenosis was proved at necropsy) the 
amount of urobilinogen excreted in the feces was 350 mg per day, 
while the second patient, who had lymphatic leukemia, excreted 1,005 
mg per day during the period studied This supports the belief that 
leukemia may be accompanied with an increased destruction of blood 
As a result of histologic studies Jaffe stated that he believed that this 
IS the most important factor in the development of leukemic anemia 

In three of the six instances of polycythaemia vera a definite although 
only moderate increase of the urobilinogen content of the stools was 
noted (cases 64, 66 and 68) In the first of these, however, the local 
formation of bilirubin in a large hematoma may have been responsible 
for the increased amount of urobilinogen in the feces Some months 
after the disappearance of the hematoma, the excretion of urobilinogen 
in the feces had returned to a normal level Eppinger gave values for 
four patients with polycythaemia vera, in two of these the output of 
urobilinogen m the feces was slightly increased and in the other two 
normal 

25 Jaffe, R H Erythropoiesis, Folia haemat 49 51, 1933 
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CONCLUSIONS 

The amount of urobilinogen excreted in the urine in twenty-four 
houis by the normal adult vanes between 0 and 4 mg, usually being 
fiom 0 5 to 2 mg The normal range for the feces is between 40 and 
280 mg per day, usually fiom 100 to 250 mg 

Inanition, inactivity oi a low grade infection tends to lower the 
excretion of uiobilmogen m the feces, fever of any considerable degree 
probably tends to increase the amount Fever alone does not cause an 
increase m the excretion of uiobilmogen m the urine, this is evidently 
dependent on the type and seventy of the infection 

In addition to the various forms of hemolytic jaundice, which will 
be discussed subsequently, increases of the excretion of urobilinogen 
were again noted in the feces in cases of pernicious anemia and in 
instances of Hodgkin’s disease and of leukemia Low values were encoun- 
tered in certain cases of secondary hyperchromic anemia and in all the 
cases of hypochromic anemia investigated Slight increases were 
obsened in half the cases of polycythaemia vera 



STUDIES OF UROBILINOGEN 


III THE PER DIEM EXCRETION OF UROBILINOGEN IN THE COM- 
MON FORMS OF JAUNDICE AND DISEASE OF THE LIVER 

CECIL JAMES WATSON, MD 

MINNEAPOLIS 

In earlier communications ^ reference was made to the necessity of 
determining the daily amounts of urobilinogen in the feces and urine 
rather than attempting to interpret results obtained with qualitative 
tests A method for the approximate quantitative estimation of the 
urobilinogen content was described, and in part II of this series of 
papers results were given which may be used as controls for the series 
to be presented here The former group included noimal persons 
patients with mild infection, inanition, fever of vaiious cause and anemia 
and hematopoietic disease of various types The present investigation 
deals with the excretion of urobilinogen in the common forms of 
jaundice and hepatic disease 

MATERIALS AND METHODS 

One hundred and thirty-five patients ~ with jaundice or hepatic disease were 
studied with regard to the per diem excretion of urobilinogen Their cases mav 
be divided conveniently into seven groups, as follows 

1 Cholecystitis and cholelithiasis No of Cases 

A With obstructive jaundice of variable degree but without 
complications such as severe infection, anemia or cirrhosis 
secondary to long-standing biliary obstruction (in the 
majority of these cases clinical or operative evidence of 
a stone in the common duct was obtained) 21 

B With complications of the foregoing type 20 

From the Department of Medicine, the University of Minnesota Hospital 

Aided by a grant from the Research Fund of the Graduate School, the 
University of Minnesota 

1 Watson, C J (a) The Average Daily Elimination of Urobilinogen in 
Health and in Disease, with Special Reference to Pernicious Anemia, Arch Int 
Med 47 698 (May) 1931 , (6) Studies of Urobilinogen I An Improved Method 
tor the Quantitative Estimation of Urobilinogen m Urine and Feces, Am J Chn 
Path 6 458, 1936 , (c) Studies of Urobilinogen H Urobilinogen in the Urine 
and Feces of Subjects Without Evidence of Disease of the Liver or Biliary Tract, 
Arch Int liled , this issue, p 196 

2 Several of these patients were observed m the medical service at the Min- 
neapolis General Hospital Permission to studj these patients was given bj’’ 
Dr George E Fahr and Dr Nathaniel H Lufkin 
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2 Obstructne jaundice due to neoplastic disease of the biliary tract 18 

3 Diffuse hepatic disease 

A Cirrhosis of the liver with considerable jaundice 10 

B Cirrhosis of the liver with jaundice and evidence of 

increased destruction of blood 7 

C Cirrhosis of the liver with slight or no jaundice 8 

D Acute catarrhal jaundice 11 

4 Congestive heart failure with jaundice, enlargement of the liver 

or ascites 11 

5 Carcinoma of the liver or peritoneum with or without ascites 

and VMthout jaundice 10 

6 Miscellaneous hepatic diseases of secondary nature 6 

7 Hemoljtic jaundice 

A Familial or congenital 10 

B Acquired 3 


The twentj-four hour amount of urobilinogen m the urine was estimated 
according to the improv ed method described previously ^ The per diem excretion 
ot urobilinogen m the feces over a four day period was determined by the same 
method in the majority of instances, particularly if there was any question as to 
the degree of biliarv' obstruction or the rate of destruction of the blood It was 
at times impossible to obtain satisfactorj*^ collections of feces from very sick 
patients, especialh those with marked congestive heart failure or severe febrile 
disease In a few instances only qualitative tests for urobilin and urobilinogen 
were carried out For this purpose 1 or 2 Gm of feces was ground with S or 
10 cc of a saturated alcoholic solution of zinc acetate The filtrate was exam- 
ined for green fluorescence m front of a point lamp and was then tested for 
urobilinogen b\ the addition of 2 or 3 cc of the modified Ehrlich reagent 
followed by 3 or 4 cc of a saturated solution of sodium acetate Depending on 
whether weak, moderate or strong, the intensit}" of these qualitative reactions is 
recorded as -f, -f-}- or -j--}— f 

The icterus index w'as determined according to Meulengracht’s method (Bern- 
heim’s modification^) Blood for tins determination w'as obtained while the 
patient was fasting The qualitative van den Bergh reaction was carried out in 
duplicate, wuth fifteen minutes between tlie two reactions The developing color 
of the second reaction was compared with the fully developed color of the first, 
the approximate percentage appearing within and after the first minute being noted 
Reactions were recorded as follows (1) direct prompt (all the color developing 
w'lthin one minute), (2) biphasic prompt (more than 50 per cent of the color 
developing within one minute), (3) biphasic delayed (more than 50 per cent of 
the color developing after one minute) and (4) delayed (all the color developing 
after one minute) If none of these appeared, the serum was examined for an 
indirect reaction after treatment with alcohol m the usual manner 

The percentage of hemoglobin was determined by the Sahh method Seventeen 
grams of hemoglobin per hundred cubic centimeters was equivalent to 100 per 
cent with the apparatus used 

3 Watson 

4 Bernheim, A R The Icterus Index (a Quantitative Estimation of 
Bilirubinemia) An Aid in Diagnosis and Prognosis, J A M A 82 291 
(Jan 26) 1924 



Group 1 Cholecystiti? and Cholelithiasis 
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RESULTS 

Gi onp 1 Cholccystiti'; and CholehtJitasis — The determinations recorded for 
the subjects iii groups 1 A and B demonstrate that the amount of urinary uro- 
bilinogen IS only slightly increased in instances of jaundice due to stone, except 
when the jaundice has been severe and of at least several weeks’ duration or 
when obstruction to the outflow of bile has been complicated bj’’ acute infection 
in the gallbladder or biliar}' tiact It is important to note that in no instance 
was complete biliary obstruction encountered m this group, although the stools 
■were rather frequentlj' acholic in appearance and m some instances were reported 
to show negatue results of qualitative tests for urobilin and urobilinogen This 
lack of complete obstruction is in striking contrast to its regular occurrence in 
jaundice due to cancer, as reflected in the estimations to be given presently 
Case 28 m particular emphasises the importance of recognizing this distinct differ- 
ence This patient was sent to the hospital with a diagnosis of carcinoma of the 
head of the pancreas, a diagnosis suggested by painless jaundice of six months’ 
duration, accompanied w'lth considerable emaciation However, the presence of 
10 mg of urobilinogen per day in the feces even after a long period of continuous 
jaundice suggested the presence of a stone in the common duct, while the even 
larger amount in the urine w'as attributed to biliary cirrhosis These diagnoses 
W'ere \erificd at operation A large and fiimly impacted cholesterol stone was 
removed from the common duct The liver was considerablj'^ enlarged and dif- 
fusely roughened Six months later the liver was no longer palpable, and the 
patient appeared to be in good health In case 36 an entirely similar condition 
was recognized preoperatively only because of the absence of complete obstruction 
in spite of long-enduring, deep jaundice Again a large stone was removed from 
the common duct at operation The same type of excretion of urobilinogen in 
case dO led to the diagnosis of stone in the common duct, but at operation no stone 
could be found, the common duct simply being drained In spite of this the 
patient died, and at necropsy a fairly large and tightly impacted stone was present 
in the common duct just above the ampulla 

Several of the determinations for the patients in group 1 as well as some for 
the follow’ing groups illustrate that the importance of the ratio of the urobilinogen 
in the feces to the uiobilinogen in the urine must be clearly appreciated This 
fact has been emphasized previously ^ Perhaps the best example of its importance 
IS case 26, in which biliary cirrhosis following stricture of the common duct was 
noted at autopsy The urinary urobilinogen content was only moderately elevated 
(3 9 mg per day), but when this is compared with the small amount m the feces 
(6 7 mg per day), it is evident that the value for the urine is relatively high The 
same is true in cases 28, 32 and 33 

The increased excretion of urobilinogen in the urine in instances of acute 
cholecystitis appears to support Graham’s^ conception of associated hepatitis 
This IS best illustrated in cases 25, 27, 30, 35, 37, 38 and 41 With subsidence of 
symptoms pointing to infection, the urobilinogen content rapidly decreases to nor- 
mal levels, as noted in cases 30, 35, 37, 38 and 41 Cases 3o, 37 and 38 illustrate 
characteristic changes in the excretion of urobilinogen which occur when a stone 

5 Adler, A, and Bressel, M Urobihnogenbestimmung in Stuhl und Harn- 
mittels der neuen Extraktionsmcthode, Deutsches Arch f khn Med 155 326, 
1928 Watson 

6 Graham, E A Hepatitis A Constant Accompaniment of Cholecystitis, 
Surg , Gynec & Obst 26 521, 1918 
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IS dislodged from the common duct or when a change m its position results in 
release of the biliary obstruction The latter is best noted in case 37 Here a 
sudden diminution of the jaundice occurred, and with this there was a great 
increase in the amount of urobilinogen in the feces There was an increased 
amount in the urine also, probably owing to the effect of residual cholangeitis on 
the parenchyma of the liver It was believed that this patient had passed a stone, 
however, none was found in the feces, and at operation several days later a large 
stone was present in the greatly dilated common duct At the time of operation 
the urinary urobilinogen content had decreased to an approximately normal value 
Giouf 2 Obstructive Jaundice Due to Neoplastic Disease of the Biliary 
Tiact — In sharp contrast with the foregoing findings are those obtained for 
patients with jaundice due to neoplastic biliary obstruction, as shown in group 2 
With only one exception the values in group 2 are uniformly low for both urine 
and feces By comparison with the findings already given for jaundice due tO’ 
stone and with those to be given later for jaundice due to hepatic disease, it is 
readilj’’ seen that an obstruction to the outflow of bile of this degree is probably 
rarely encountered in other conditions It was realized that jaundice due to 
neoplasm is regularly more marked and more continuous (von Muller 'f), but the 
reliability of this evidence of complete obstruction for the diagnosis of neoplasm 
was not fully appreciated at the outset of this investigation Thus, a diagnosis 
of stone in the common duct was made in case 42, chiefly because of the history 
of repeated previous attacks of gallstone colic At operation carcinomatosis of 
the liver, with involvement of the hepatic ducts, as well as cholelithiasis, was 
present Apart from the fact that this patient had been jaundiced for a consid- 
erable period, nothing suggested the diagnosis of neoplasm except the evidence of 
complete obstruction yielded by the estimations of urobilinogen Later, similar 
instances (cases 52 and 58) were observed in which prior to the determinations 
of the urobilinogen, a diagnosis of stone in the common duct had been made 
Because the results indicated complete obstruction, the presence of neoplasm was 
believed likely At operation the gallbladder was found to contain stones, appar- 
ently supporting the first diagnosis, the common and hepatic ducts, however, were 
filled with tumor, microscopically adenocarcinomatous Another illustrative case 
has been observed since group 2 was compiled and may be described briefly as 
follows A man aged 60 had pain in the right upper quadrant of the abdomen 
of several weeks’ duration four months before he was admitted to the hospital 
The pain was intermittent and somewhat colicky There was increasing jaundice 
for two months The icterus index was 163 The urobilinogen excreted in the 
feces was 1 7 mg per day, and none was excreted in the urine A diagnosis of 
neoplastic obstruction was made, and laparotomy was performed for the purpose 
of making a palliative anastomosis At operation it was believed that a small 
neoplasm could be palpated in the upper portion of the common duct The patient 
died several days later , at necropsy there appeared to be only a benign stricture 
of the cv'-stic and hepatic ducts at their junction The gross appearance was not 
suggestiv e of neoplasm However, a small scirrhous carcinoma was revealed on 
microscopic examination 

Because of ascites with enlargement of the liver, the initial clinical diagnosis 
in case 53 was cirrhosis of the liver The results of the determinations of uro- 
bilinogen, however, strongly suggested a carcinomatous biliary obstruction This 
was corroborated at operation 

r- 1 ' F Ueber Ikterus, Jahresb d schles Gesellsch f vaterL 

Cult (Med Sect) 70 1, 1893 
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In on!}' one of the cases in group 2, i e , case 44, \vas more than 5 mg of 
urobilinogen found daily in the feces In most cases the values were much lower 
than this, and the amount m the urine was practically negligible In case 44 the 
incomplete obstruction was readily explained at necropsy by the fact that melanom- 
atous metastases in the common bile duct, from a primary melanoma of the ear, 
were soft and somewhat polypoid, permitting bile to pass into the duodenum 

In the next group of cases, i e , those of jaundice due to primary hepatic disease, 
the findings were again in definite contrast with those already noted m the various 
instances of extrahepatic obstructive jaundice As compared with jaundice due to 
neoplasm, the obstruction to the outflow of bile was in no instance complete, while 
the amount of urobilinogen in the urine Avas regularly higher than for the cases 
of uncomplicated jaundice due to stone 

Gi oup 3 Diffuse Hepatic Disease — The cases in group 3 were divided into 
four parts, as indicated in table 1 With only an occasional exception, the 
urinary urobilinogen content m the cases m group 3 was relatively or actually 
markedly increased The lack of increase m cases 65 and 69 could not be 
accounted for , howe\ er, necropsy in each instance revealed a cirrhotic liver which 
was remarkably adenomatous, and it is possible that these ademonas were functioning 
so tar as the remoA'al of urobilinogen was concerned, while the jaundice could 
be related to mechanical obstruction due to fibrosis Since the accompanying table 
was compiled, tw'o cases of severe acute catarrhal jaundice have been studied in 
w'hich the amount of urobilinogen in the urine was less than 1 mg In one of 
these the amount in the feces was 15 mg per day, in the other, 9 mg It is 
probable that the amount of urobilinogen reabsorbed from the bowel in these 
instances was excessively small or at least sufficiently small so that the liver, 
although damaged, w'as capable of its disposal In both instances the amount of 
urobilinogen in the feces w^as sufficiently large to aid materially in excluding neo- 
plasm as the cause of the jaundice 

In only one case of parenchymal jaundice (an instance observed since the 
accompanying table w'as compiled) was the amount of urobilinogen m the feces 
in the low range characteristic of neoplastic obstruction This patient, a man 
aged 61 years, had been given five injections of neoarsphenamine (0 IS Gm 
each) m the hope of improving a urinary infection Shortly after the last of 
these injections he became jaundiced The estimations of urobilinogen yielded the 
following data 



Icterus 

Urobiliongen, Mg 

per Day 

Date 

Index 

Feces 

Urine 

1/22 

67 

31 

05 

1/27 

88 



2/3 

101 



2/6 

88 

47 

41 5 

2/12 

64 

57 0 

54 2 

2/28 

25 

77 9 

64 

3/10 

21 


71 

3/12 



51 


This case illustrates the importance of (1) evaluating even small amounts of 
urinary urobilinogen in the presence of high grade biliary obstruction and of 
(2) repeated estimation of the urobilinogen content, particularly in the feces, in 
doubtful cases 

In other instances of marked jaundice, such as cases 85, 89 and 90, the impor- 
tance of noting the stool-urine ratio must be reemphasized 
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Fluctuation in the amount of urinary urobilinogen from day to day, noted 
previously by Wilbur and Addis, « was observed rather frequently in the foregoing 
instances in which more than one determination was made Cases 62, 67, 70, 71 
and 72 are illustrative 

In cases 70 and 72 the urinary urobilinogen content decreased markedly after a 
short period of rest in bed, without any appreciable change in the degree of jaun- 
dice In several cases the urobilinogen content decreased to a normal value 
coincident with marked clinical improvement In one of these (case 66) the 
presence of ascites with jaundice led to a diagnosis of cirrhosis, the use of salyrgan 
resulted in prompt disappearance of the ascites, and although mild jaundice per- 
sisted, the urobilinogen value rapidly decreased to normal In another (case 71) 
the urobilinogen value became normal, although the liver and spleen remained 
considerably enlarged These facts are mentioned since they illustrate that the 
urinary urobilinogen value is not always elevated in the presence of other signs of 
hepatic disease At the same time, it is believed that a marked decrease, such as 
has been described, points to an iifcrease in the function of the liver 

The results recorded in group 3 B are of particular interest, since thev illus- 
trate the increased rate of destruction of blood which may accompany cirrhosis of 
the liver At first glance it might seem possible that the considerable increase 
in the urobilinogen content of the feces in these cases could be e\.plained by at 
least temporary release of a biharj obstruction Friedrich von Muller'^ first- 
demonstrated the increased output of urobilin following release of an obstruction 
due to stone or in catarrhal jaundice Such instances are represented m the 
present investigation, viz , cases 35, 37, 38 and 85 

It IS believed, howevei, that the high values noted in group 3B were related 
not to fluctuations in the flow of bile but rather to an actual increase in the rate 
of destruction of the blood The reason for this belief may be stated as follows 
The amounts e\creted in the feces were often much larger than has been noted in 
cases in which the release of a biliary obstruction was known to have just 
occurred In fact, the values are frequently as great or greater than those to be 
gwen later for hemolvtic jaundice In some instances the increased excretion of 
urobilinogen occurred at a time when there was no evudence of a decrease in the 
degree of biliary obstruction In case 71, in which there was exhibited the greatest 
increase of urobilinogen in the feces in this group, definite macrocytic anemia of a 
regenerative type developed duiing the period of increased excretion This later 
disappeared as the excretion of urobilinogen markedly decreased 

The values noted in cases 70, 71 and 72 suggest that the increased destruction 
of blood proceeds at a variable rate 

Gioiip 4 Congeshvc Hcait Fatluie — The limited data obtained in this investi- 
gation concerning the excretion of urobilinogen in congestive heart failure demon- 
strate onh that urobilinuna is not of constant occurrence In the eleven patients 
studied it appeared that tenderness of the liver was the only finding regularly 
noted with an increase of urobilinogen m the urine Weiss » pointed ou^ that 
uro ilinuna is usuallv' more marked when there is decompensation due to a defect 
in the mitral valve than when it is due to aortic incompetence Weiss observed 
also that urobilinuna in heart failure is at times slight, and he said he believed 
la t iis 3s uc either to a lack of passi\e congestion of the liver or to accompam- 


Urobilin Its Clinical Significance, Arch 


8 Wilbur, R L, and Addis, T 
Int Med 13 235 (Feb ) 1914 

\rru Ucber Urobilin und seme diagnostische Verwertung, Wien 

Arch f inn klcd 20 39, 1930 
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mg' renal insufficiency In the foregoing instances in which the urobilinogen value 
was not increased in the urine (cases 99, 100 and 101) neither of these conditions 
appeared to have been fulfilled, and the low values in these cases cannot be 
explained In five instances the amount of urobilinogen in the feces was not 
elevated, so that in these there was no reason to consider the jaundice due to an 
increased destruction of blood The latter possibility was suggested by Eppmger,^® 
who found an increased amount in the feces in several cases of heart fail- 
ure Weiss ” also mentioned a “tendency” to an increased excretion of urobilin 
in the feces in heart failure With the exception of the five determinations men- 
tioned, which do not indicate an increased rate of blood destruction, the present 
investigation does not include data relative to this question The omission of 
estimations for the stools in the other instances is due to the difficultj’’ in obtaining 
accurate collections 

Gtoup 5 Miscellaneous Hepatic Diseases — Group 5 includes various 
t 3 '^pes of hepatic disease which could not be classified with the foregoing instances 
In the case of Banti’s disease it was of interest that the liver at autopsy did not 
exhibit any recognizable pathologic change In spite of this, considerable urobilin- 
ogen was present in the urine, whether owing to a functional disturbance secondary 
to splenic disease or to anoxemia because of hemorrhage cannot be determined 
This obser\ation simph indicates that urobilinuria with Banti’s disease is not 
necessarilj' on the basis of hepatic cirrhosis 

In none of the three cases of hepar lobatum m group 5 was the urobilinogen 
value increased for the urine In all of these cases the liver was enlarged and 
jaundice was absent When contrasted with case 80 in group 3 C, in which the 
liver was extremely small and almost completely replaced by scar tissue, the urine 
containing a large amount of urobilinogen, it is evident that an increase m the 
urobilinogen content may be expected only in an advanced stage of the disease 
or when the replacement of liver b> gummas is widespread 

Group 6 Caicmoma of the Ltvet oi Pei itoncwn — The determinations in the 
cases in group 6 indicate that the estimation of urinary urobilinogen is of consider- 
able value in the differentiation of ascites due to diffuse hepatic disease from that due 
to peritoneal carcinomatosis The determinations indicate that ordinary carcino- 
matosis of the liver rarely interferes with its function of urobilinogen excretion 
In one instance of diffuse hepatic carcinomatosis a fairly large amount of imo- 
bilinogen was present m the unne (case 121) Case 120, in which carcinomatous 
melastases were present in the liver and on the peritoneum, illustrates that the 
urinary urobilinogen value mav occasionally be elevated to the range characteristic 
of diffuse hepatic disease such as cirrhosis In this instance necrosis was promi- 
nent in the widespread areas of tumoi and may have been responsible for the 
hepatic damage and urobilinuria 

Gioiip 7 Hemolytic /mmdicc —Thirteen cases of hemolytic jaundice were 
studied in addition to the cases already mentioned in which an increased destruction 
of blood accompanied cirrhosis of the liver In ten of these cases the criteria for 
the diagnosis of familial hemolytic jaundice were fulfilled, while in the other three 
the condition was of the acquired, or secondary, type The former are included 
in group 7 A and the latter m group 7B In all but one of the instances m 
group 7 the excretion of urobilinogen in the feces was markedly increased The 
exception, case 129, was the case of a patient who was suffering principally from 
ulcerative colitis and in whom the hemolytic activity appeared to be quiescent 

10 Eppinger, H Die hepatolienalen Erkrankungen, Berlin, Julius Springer 
1920 
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Of particular interest in the group of subjects with hemolytic jaundice was 
the relatively small amount of urobilinogen in the urine m the majority of cases 
In the instances in which considerable increases occurred, factors other than a 
simple increase in the rate of destruction of blood appeared to be significant The 
question of urobilmuna as a result of “overflow” alone will be discussed in more 
detail in the following pages 

COMMENT 

In a recent consideration of painless jaundice Ottenberg^’- stated 
that there is at present “no clinical or laboratory method of distinguish- 
ing partial or complete obstruction of the bile duct from partial or 
complete suppression of bile ” By this he undoubtedly referred to the 
difficulty often encountered m distinguishing jaundice due to hepatic 
damage from that due to simple obstruction in the biliary tract The 

T^ble 2 — Usual Range of ohthnogen Exaetion m the Common Forms of 

Jaundice 


1 Jaundice due to obstruction in biliary tract 

Stone, without complications 

Stone, with complications such as cholangeitis, bihary cir- 
rhosis and anemia 

Neoplasm 

2 Jaundice due to diffuse hepatic disease 

Cirrhosis , 

Cirrhosis or hepatic disease with increased blood dcstruc 
tion 

Acute catarrhal jaundice 

3 Hemolytic jaundice 

Uncomplicated 

Complicated by infectious disease, severe anemia, mfarc 
tion or anesthesia and during “hemolytic crises” 


Urobilinogen, 

Mg per Day 

Urine 

Eeces 

06 

10-250 

4 50 

10 250 

003 

05 

4100 

8 200 

20 200 

300-1,200 

4 200 

10 800 

110 

3001,800 

10 300 

300 2,500 


results of the present investigation indicate that a determination of the 
per diem excretion of urobilinogen in the urine and feces, in conjunction 
with other clinical data, usually makes possible the distinction of these 
common forms of jaundice In general, they are characterized by 
urobilinogen values of the magnitude shown in table 2 

In previous investigations of obstructive and hepatic jaundice with 
reference to the excretion of urobilinogen, attention was given chiefly 
to the amounts present in the urine, and little information has accu- 
mulated concerning the variations in the urobilinogen content of the 
feces in these forms of jaundice Since the early studies of Friedrich 
von Muller,’' it has been generally recognized that tests for urobilin and 
urobilinogen in both feces and urine are most apt to be negative when 
jaundice is due to neoplasm However, there has been little recognition 
of the characteristic quantitative differences in the excretion of 
urobilinogen existing between jaundice due to neoplasm, bn the one 
hand, and jaundice due to stone or diffuse hepatic disease, on the other 

11 Ottenberg, R Painless Jaundice, J A AI A 104 1681 (May 11) 1935 


WATSON— UROBILINOGEN 


223 


The lesults of the piesent investigation indicate that the amount of 
fecal urobilinogen with the foimer is almost never more than 5 mg per 
day and that not moie than a trace of urobilinogen is found in the urine, 
while the value for fecal uiobilmogen in the latter forms was larely 
less than 10 mg and in but one instance below 5 mg In these types 
the amount in the mine vanes with the degree of hepatic dysfunc- 
tion but may be small even in the presence of a damaged liver if the 
amounts of bile permitted to enter the intestine are greatly i educed 
Absence of uiobilmogen fiom the urine, although a legulai finding in 
cases of jaundice due to neoplasm, cannot be considered peculiar to this 
gioup, since it is noted also at times with varying degiees of obstructive 
jaundice due to stone (cases 7, 12, 13, 14 and 15) and rarely with high 
grade obstructive jaundice due to cirrhosis (cases 65 and 69) 

In considering the findings of complete biliary obstruction, which 
appeal to be so chaiacteiistic of jaundice caused by a neoplasm, the 
question at once aiises as to how long the jaundice must be present 
before these criteria obtain As yet this question cannot be answeied, 
exactl}^ since in no instance in this study has jaundice due to neoplasm 
developed under obseivation In several instances, however, it was of 
not more than two weeks’ duiation, and in each of these complete biliaiy 
obstruction was already piesent (less than 5 mg of uiobilmogen per day 
was excreted in the feces) It is probable that the interval between the 
appearance of jaundice and the development of complete obstiuction is 
shoit, since the onset of jaundice points to an aheady considerable nar- 
rowing of the common bile duct or hepatic ducts With the progressive 
constriction or plugging or both which a neoplasm regularly causes, the 
biliary outflow is soon totally obstructed, and the traces of urobilinogen 
which are found in the feces thereaftei are best explained as originating 
fiom bilirubin in bile-stamed epithelial cells of the intestinal tract 
(GeihardV^ Wallace and Diamond and McMastei and Elman ^^) 
The different mechanism obtaining in jaundice due to a stone, i e , 
obstruction without constiiction, the ensuing dilatation of the duct pei- 
mitting at least occasional egress of small amounts of bile even when 
the stone is impacted (as m cases 28 and 40), is i effected in the excietion 
of urobilinogen in the feces, which in this series was never less than 
9 mg 

Patients with jaundice due to neoplasm not mfiequently state that 
the jaundice has become less intense or that it varies in intensity This, 
together with a measurable i eduction in the serum bilirubin, has often 

12 Gerhardt, D Ueber Urobilin, Ztschr f klin Med 32 303, 1897 

13 Wallace, G B , and Diamond, J S The Significance of Urobilinogen m 
the Urine as a Test for Liver Function, Arch Int Med 35 689 (June) 1925 

14 McMaster, P D , and Elman, R Studies on Urobilin Physiology and 
Pathology. II The Derivation of Urobilin, J Exper Med 41 513, 1925 
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led to the infeience that there has been a partial release of the biliary 
obstruction It is conceivable that this could be effected by necrosis 
in a tumor or a decrease in size because of some other factor On the 
other hand, unless this release weie proved by the reappearance of more 
than traces of urobilinogen m the feces, the fluctuations of bilirubin 
m the blood are more leadily explained by vaiiations in the rate of the 
desti uction of blood Rous and Drury produced complete biliary 
obstruction in dogs and then demonstrated that the amount of jaundice 
vas proportional to the wastage of erythrocytes Induced hemorrhage 
resulted in a diminution of the jaundice, and the administration of hemo- 
lytic agents resulted in a prompt increase of the jaundice In our cases 
of obstiuctive jaundice due to neoplasm (group 2) it will be noted that 
wide variations m the degree of icterus were present, although the biliary 
obstruction was complete in all cases but one The icterus indexes in 
this group ranged from 59 to 192 One patient (case 55) stated that 
the jaundice had diminished markedly in the month prior to his admis- 
sion to the hospital, and in support of this statement the icterus index 
was found to be only 67 However, the biliary obstruction was com- 
plete, since urobilinogen was lacking in the ui me and feces In addition 
to the direct evidence of Rous and Diury,^® indicating that there is 
diminished jaundice following hemoirhage (case 54 probably illustrates 
this), there is also reason to believe that a compensatory decrease in the 
rate of the destruction of blood occurs in conditions associated with 
cachexia, low grade infection or inactivity, even in the absence of anemia 
This was indicated in paper II of this series In the cases of neoplastic 
biliary obstruction, m which the icterus index v as relatively high even in 
the presence of anemia, such as is illustrated in case 45, two possibilities 
must be considered, (1) an added hemolytic factor and (2) a slower 
urinary excretion of bilirubin No information has been obtained in 
this study to indicate the possible importance of either of these 

15 One instance of this type has been observed recently A woman aged 64 
\ears was first seen in January 1935, when she complained of painless jaundice of 
three weeks’ duration The amount of urobilinogen excreted in the feces w'as 
0 5 mg per daj, and none was present in the urine At operation carcinoma of 
the common duct was present The patient survived the operation, but wnth per- 
sistent deep jaundice and later ascites (for fourteen months) The urobilinogen 
in the feces on Jan 15, 1936, amounted to 4 8 mg per da}"-, with only a faint trace 
in the urine Later, pain and tenderness dei eloped in the right upper quadrant of 
the abdomen, with some rebound tenderness On February 26 the urobilinogen 
content of the feces w as 77 6 mg per da 3 , 4 2 mg per day being present in the 
urine These findings indicated partial relief of the biliary obstruction, but 
whether it was due to necrosis or to biliarj'- fistula into the bowel remained 
undetermined, as permission for necropsj could not be obtained (death occurred 
on March 13) 

16 Rous P , and Drury, D R Jaundice as an Expression of the Physiological 
Wastage ot Corpuscles J Exper Med 41 601 1925 
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McMastei and Elman demonstiated that infection of the biliary 
tiact in dogs M^as at times lesponsible foi the local formation of urobilin. 
From this it uas conceivable that urobilin might be present in the urine 
in spite of complete bihai} obstiuction Howevei, no instance has been 
found in the piesent investigation m which only the urine and not the 
feces contained uiobilinogen In ceitain instances determinations weie 
not made on the feces, but in these the degiee of jaundice was not suffi- 
cient to suggest the piesence of complete biliaiy obstruction The 
possibiht}^ IS not excluded that a poition of the urmaiy urobilinogen was 
foimed in the bihaiy tiact in cases m which biliaiy infection was present 
In one instance (case 41) this uas strongly suggested by the gieat 
dispaiit} between the urobilinogen content of the uiine and that of the 
stool, the foimer being 112 mg when the latter was but 10 5 mg 
The occiuience of a marked mciease in the mobihnogen content of 
the feces in ceitam cases ot hepatic disease deseives paiticular mention 
Bleichiodei first noted that the bone marrow is usually red in cases 
of hepatic ciiihosis and Gaucklei later described histologic changes 
in spleens fiom patients uitli cirrhosis, which he attributed to an 
increased destuiction of eiythiocytes He emphasized also the hemo- 
sideiosis of both spleen and liver which may occui m cases of cirrhosis 
This subject uas leviewed bj Eppinger,^® who offered consideiable 
CMdence in suppoit of Gauckler's views and who cleaily demonstiated 
that an inci eased excietion ot bihiubin into the bile and of urobilinogen 
in the feces occurs in some cases of cirrhosis Eppingei apparently 
believed that this inci eased destuiction of blood was limited to those 
cases of cuihosis as desciibed by Hanot, i e, hypertrophic cnrhosis 
with jaundice and splenomegaly^, but without ascites He also stated 
that the jaundice m patients with such a condition is often in laige pait 
hemolytic and pointed to spectaculai improvement with the disappeai- 
ance of jaundice following splenectomy Of the patients with hepatic 
disease in gioup 3B who showed an increased amount of urobilinogen 
in the feces, some exhibited enlaigement of the liver, while in others 
the liver was smallei than noimal How^'ever, in each of the instances 
in ivhich definite hemolytic anemia w as pi esent the liver and spleen were 
considei ably’’ enlaiged and jaundice was present, but there was no 
ascites To this extent the piesent findings coi respond with those of 
Eppinger In two cases of atrophic cirrhosis, however, the excietion 

17 McMaster, P D, and Elman, R Studies on Urobilin Physiology and 
Pathology VI The Relation of Biliary Infections to the Genesis and Excretion 
of Urobilin, J Exper Med 43 753, 1926 

18 Bleichroder, R Ueber Lebercirrhose und Blutkrankheiten, Virchoivs 
Arch f path Anat 177 435, 1904 

19 Gauckler, E Les modalites histologiques de I’hematolyse et le role de la 
rate dans revolution du pigment sanguin. Arch d mal du coeur 1 401, 1908 
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of urobilinogen m the feces was definitely increased , ascites was present 
in one of these Consequently, it does not appear that an increased 
destruction of blood can be regarded as a means of distinguishing a 
particular variety of cirrhosis More attention should be given to deter- 
mining whether the patients with cirrhosis showing an increased destruc- 
tion of blood are those who are most benefited by splenectomy 

In the recent literature much interest has centered on the macrocytic 
anemia which may occur with cirrhosis of the liver Eppinger in 1920 
pointed out that a pernicious type of anemia is at times seen with 
cirrhosis of the liver A striking example of this was a case reported 
in 1928 by Walterhofer, Plenge and Neuberger Wmtrobe and 
Shumacker and Van Duyn have recently observed similar instances 
and have collected reports of others from the literature So far as 
can be determined only one case of macrocytic anemia with cirrhosis of 
the liver has been studied with i eference to the excretion of urobilinogen 
This case, lecently leported by van den Bergh and Kamerling,-® has 
many points m common with case 71 in the present series In both 
cases macrocytic anemia developed in the course of an illness charac- 
teiized by jaundice, enlargement of the liver and of the spleen and a 
greatly increased excietion of urobilinogen m the feces and urine 
While van den Beigh and Kamerling’s case terminated fatally, m the 
case reported here the improvement was remarkable, although the livei 
and spleen remained enlarged and film The increased destruction of 
blood 111 this instance did not persist, and it will be noted that this over- 
activity appears to be in some degree cyclic in other cases of this type as 
well (cases 70 and 72) In six of the seven cases of hepatic disease 
with increased urobilinogen in the feces, some information as to the 
size and hemoglobin content of the eiythrocytes was obtained The color 
index was more than 1 in five of these (cases 71, 72, 73, 75 and 76), 
while in one instance (case 74) it was 0 8 Measurements of the average 
diameter of the eiythrocytes weie earned out m foui cases with the aid 
of a Whipple eyepiece micrometer The results weie as follows 8 25 
microns in case 71 (Unfortunately this measurement was not made 
until the patient had greatly improved Obvious macrocytosis with a 

20 Walterhofer, C , Plenge, K, and Neuberger, J Ueber emen Fall von 
Biermersche Anamie nut schwerer Lebererkrankung, Deutsches Arch f khn Med 
159 306, 1928 

21 Wmtrobe, M M , and Shumacker, H S The Occurrence of Macrocjdic 
Anemia m Association with Disorder of the Liver, Bull Johns Hopkins Hosp 
52 387, 1933 

22 Van Dujm, J , Jr Macrocvtic Anemia in Disease of the Liver, Arch Int 
Med 52 839 (Dec) 1933 

23 \ an den Bergh, A A H , and Kamerling, A W C S Lebercirrhose 
met haemolj tische anaemie en massale haematinaemie, Nederl tndschr v geneesk 
78 4434, 1934 
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high coloi index was noted at the height of the illness ), 8 77 microns 
in case /2, 8 35 micions in case 75 and 8 31 microns in case 76 A 
numbei of contiol measurements for normal subjects yielded values 
var) mg between 7 4 and 7 9 mici ons Consequently it appears that the 
majorit}’’ of these patients who showed an increased destruction of blood 
with hepatic disease exhibited macrocytosis in varying degree 

The fiequent piesence of an increased amount of urobilinogen in 
the uiiiie in hemolytic jaundice has long been recognized The concep- 
tion that this inciease is due to simple “overflow” or overloading of 
the liver with ui obilmogen is said by Eppmger to have originated m 
the Italian school, Riva and Zoja in particular championing the view 
that urobihnuiia parallels the destruction of blood Brugsch and 
Retzlaff and later Eppmger emphasized that dysfunction of the 
livei piobably plays an impoitant role in the association of urobilmuria 
with inci eased destiuction of blood The expeiimental work of Elman 
and McMastei appealed to support the earlier view, but it is doubtful 
whether dysfunction of the liver could be as well excluded m then 
experiments as it is m many instances of human hemolytic jaundice 
In this regal d, Mann and Bollman have recently expiessed doubt that 
hemolytic jaundice as seen clinically can be lepioduced experimentally, 
Furthermoie, the eailier work offered m suppoit of the conception 
of simple “overflow” did not take into account the important effects of 
anoxemia on the liver, such as have been adequately demonstrated by 
Rich and his co-workers Rich gave as his belief that the urobilmuria 
m hemolytic jaundice is due in part to excess (overflow) and in part 
to the subnormal function of the livei The lesults of the present 
investigation indicate that the lattei factor is the more important one, 
A marked increase in the rate of destiuction of blood alone, as evidenced 
by an increase in the ui obilmogen content of the feces, cannot be con- 
sidered the cause of an appieciable increase in the amount of uro- 
bilinogen 111 the mine, since many instances weie obseived m which a 
large amount was piesent in the feces, together with other evidence of 
an increased destruction of blood but in which the amount of uro- 
bilinogen 111 the urine was small Only four of the patients with 
hemolytic jaundice in group 7 exhibited a considerable amount of 

24 Brugsch, T , and Retzlaff, K Blutzerfall, Galle und Urobilin Zur Frage 
der Gallenfarbstoffbildung aus Blut, Ztschr f exper Path 11 508, 1912 

25 Elman, R, and McMaster, P D Studies on Urobilin Physiology and 
Pathology V Relations Between Urobilin and Conditions Involving Increased 
Red Blood Cell Destruction, J Exper Med 42 619, 1925 

26 Mann, F C , and Bollman, J L Jaundice A Review of Some Experi- 
mental Investigations, JAMA 104 371 (Feb 2) 1935 

27 Rich, A R The Pathogenesis of the Forms of Jaundice, Bull Johns 
Hopkins Hosp 47 338, 1930 
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iirobilmuna In three of these the increases occuned during periods 
when factors other than a simple increase in the destiuction of hlood 
were prominent Thus, in case 133 a large amount of uiohilinogen was 
present in the urine at the same time that symptoms and signs referable 
to recent splenic infaiction weie dominant in the clinical picture As 
these subsided the urobilinogen content of the urine decreased rapidly to 
a normal amount, although the hemolytic anemia persisted Such an 
instance suggests that substances fiom infarcts in othei organs may 
temporarily interfeie with the function of the livei A similar view was 
advanced by Schillei to explain a marked increase m the uiobilmogen 
content of the urine in a case of large hematoma due to ectopic preg- 
nancy A case of repeated pulmonary infaiction following the develop- 
ment of coronary thrombosis and a niuial thrombus has recently been 
studied with reference to the excietion of urobilinogen The attend- 
ing physician noted a maiked inciease in the amount of urobilinogen 
in the urine shortly after the onset of signs and symptoms of infaict 
This disappeared as the patient’s condition impioved Subsequent!} 
another infarct occurred and at this time the amount of uiobilmogen in 
the urine was estimated repeatedly (the data in this case aie not included 
111 the foregoing tables) 

Date 

3/24 Onset of signs of pulmonarj irfarct (pain in chest, hemopty- 
sis, riles and friction) 

3/26 Mild jaundice 

3/27 Urinary urobilinogen, 75 9 mg per daj 
3/28 Urinar}-^ urobilinogen, 39 6 mg per day 
3/29 Urinary urobilinogen, 27 5 mg per day 
3/30 Patient improving 
4/ 4 Urinary urobilinogen, 0 7 mg per dav 
4/1 to 4 Urobilinogen in feces, 2242 mg per daj 

It IS evident, however, that extravasation of blood which lesults in 
jaundice or an increased excretion of urobilinogen in the feces is not 
always accompanied with inci eased amounts of urobilinogen m the urine 
This is illustrated by case 135, in which trauma adjacent to the lett 
kidney resulted in hematuria with hematinemia It is of interest that 
no increase in the excretion of bilirubin could be demonstrated m the 
serum, and the elevated icteius index and the patient’s coloi were 
obviously due to the hematm present (leadily identified b) the heino- 
chromogen spectrum) This has been spoken of as “hematm icteius,” 
and w^ere it not for the marked increase of the urobilinogen content ot 

28 Schiller, W Zur Entstehung de*- Urobihnogenune, Wien Arch f mn 
Med 12 417, 1926 

29 Dr D P Head, of Minneapolis ga\e me the opportunity of carrwng out 
-the determinations m this instance 
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the feces, it would lend suppoit to the belief of Duesberg that hematiii 
IS not foimed in the tiansition of hemoglobin to bilirubin In spite of 
the excessive formation of urobilinogen, the amount in the mine 
lemained noimal 

In case lo4 a maiked tempoiaiy inciease in the excretion of 
urobilinogen occuiied after each of two lapaiotomies earned out with 
the patient under geneial anesthesia Theie was no bowel movement 
for a numbei of days aftei the opeiation, so that both an incieased 
resoiption of uiobihnogen and a distuibed hepatic function incident to 
the combined anoxemic effect of anemia and anesthesia must be lecog- 
nized as impoitant in explaining the laige amounts of uiobihnogen 
which appeared in the mine for short peiiods There is little doubt 
that reabsoiption of uiobihnogen horn the bowel is in considerable 
measure dependent on the late at which the feces move through the 
lower poition of the intestinal tract In the piesence of injury to the 
liver the associated uiobihnuiia is much moie maiked if constipation, 
intestinal obstruction or ileus exist The following case is illustrative 
A woman aged 48 had postpneumonic empyema and possibly an abscess 
in the lower lobe of the left lung Chills and fever, maiked anemia, 
ileus with distention and infiequent small bowel movements weie noted 
The urinary urobilinogen content was 312 mg per day, and the 
urobilinogen content of the feces was 9 mg per day The lattei value 
was doubtless low, in pait because of the i datively small amount of 
feces collected, neveitheless, it is evident that the great majority of 
urobilinogen V'^as leabsorbed fiom the bowel and lefused by the liver 

Only one of the patients with hemolytic jaundice (case 126) 
exhibited consideiable uiobihnuiia m the absence of obvious factors 
believed to decrease the function of the livei It is important to note, 
however, that this patient had continuous marked jaundice, the icteius 
index varying between 43 and 94 The van den Beigh reaction was 
indirect, and bilirubm was not found in the uiine The maiked hypei- 
bihrubinemia, without anemia, strongly suggested that the function of 
the liver was disturbed, at least so fai as the late of biliiubin excretion 
was concerned In sti iking contiast aie the findings in case 132, here 
the reverse is noted, i e , marked anemia without jaundice The absence 
of any increase of bilirubin in the blood in spite of the gieatly increased 
destruction of blood can be regaided as due only to an increased ability 
of the liver to clear the ciiculating blood of bihiubin and thus pi event 
the appearance of jaundice In accoid with this conception is the fact 
that the uiobihnogen value did not inciease for the mine m this instance, 
although It was gieatly increased for the feces (piioi to splenectomy) 

30 Duesberg, R Ueber die biologiscben Beziehungen des Hamoglobms zu 
Bilirubm und Hamatin bei normalen und pathologischen Zustanden des Menschen 
Arch f exper Path u Pharmakol 174 305, 1934 
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In the cases of familial hemolytic jaundice in which splenectomy 
was performed the effect on the excretion of urobilinogen in the feces 
is clearly illustrated Eppmger first demonstrated the marked 
decrease which occurs This was also observed in one case by Gold- 
schmidt, Pepper and Pearce These investigators studied the excre- 
tion of urobilinogen shortly after splenectomy The present results are 
of interest because they also afford some idea of the rate of destruction 
of blood many months after splenectomy It appears that splenectomy 
in the familial type of hemolytic jaundice usually effects a prompt 
reduction of the urobilinogen m the feces In certain instances (case 
124) the reduction is extreme, making it appear that the spleen had 
been practically the only site of blood destruction, in one instance, 
however, the amount was still considerably elevated two weeks after 
operation (case 131) In the five cases (cases 123, 124, 127, 131 and 
132) m which an opportunity was afforded to determine the urobilinogen 
value a relatively long time after splenectomy the amount was normal 
in four cases and slightly increased m one (case 127) In the case of 
acquired hemolytic jaundice in which splenectomy was performed con- 
siderable clinical improvement occurred at once , however, a much longer 
period intervened after splenectomy before the uiobilinogen value for 
the feces had returned to a high normal level 

The results obtained with the qualitative van den Bergh reaction in 
this investigation agree with those of Andrewes,®- who stated as his 
conclusion that the value of the method is chiefly in distinguishing 
frankly hemolytic from frankly obstructive jaundice Biphasic reac- 
tions are seen to be of most frequent occurrence, but determination as to 
whether biphasic reaction is prompt or delayed has proved of no value 
in distinguishing the forms of jaundice It should be added that a 
purely delayed reaction cannot be considered as characteristic of hemo- 
lytic jaundice alone, since it was encountered in occasional instances of 
jaundice of mild degree due to stone (cases 6, 17 and 27) 

SUMMARY AND CONCLUSIONS 

One hundred and thirty-five instances of jaundice or hepatic disease 
have been investigated with reference to the per diem excretion of 
urobilinogen in the urine and feces The results justify the following 
conclusions 

Jaundice due to stone is not accompanied with a considerable increase 
in the amount of urobilinogen in the urine unless complications are 

31 Goldschmidt, S , Pepper, O H P , and Pearce, R M Metabolism Studies 
Before and After Splenectomy in Congenital Hemolytic Icterus, Arch Int Med 
16 437 (Sept ) 1915 

32 Ardrewes, C H A Clinical Study of van den Bergh’s Test in Jaundice, 
Quart I Med 18 19, 1924 
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piesent, such as acute cholecystitis or cholangeitis, biliaiy cirrhosis 
incident to peisistent biliaiy obstiuction or seveie aneinia These com- 
plications aie accompanied with at least a lelatively marked increase, the 
actual amount of urobilinogen appealing m the mine being dependent 
to some extent on the degiee of biliary obstiuction and the consequent 
amount of urobilinogen formed in the bowel and reabsoibed from it 

With one exception jaundice due to stone and diffuse hepatic disease 
m this investigation was not accompanied with complete obstiuction 
to the outflow of bile or complete cessation of the bile flow, such as 
IS chai acterized b}'- the piesence of less than 5 mg of uiobilmogen per 
■day in the feces, with slight or no traces in the mine On the othei 
hand, this has been the legulai finding m cases of jaundice due to 
neoplasm In only one instance in this group, an unusual melanomatous 
metastasis m the common duct, was the urobilinogen content of the feces 
more than 5 mg pei da}, while the lowest value encountered in the 
formei gioups was 8 1 mg pei day, the amounts as a lule exceeding 
10 mg 

Diffuse hepatic disease is usually chai actei ized by a maiked inciease 
of urobilinogen m the mine, some of the instances of idiopathic diseases 
of the liver in the gioup of patients with ciirhosis were accompanied 
with evidence of an increased destiuction of blood, i e , an inciease of 
the urobilinogen content of the feces and legeneiative anemia, often 
maciocytic 

In hemolytic jaundice mcieases in the amount of uiinary uro- 
bilinogen could not be correlated with iiici eased destruction of blood, 
but for the most pait it occuiied when other factors, which aie believed 
to disturb the function of the livei, also were piesent The uiobilmogen 
content of the feces was usually inci eased to a maiked degree, in the 
majority of cases deci easing rapidly after splenectomy 
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The first reported estimations of the creatine content of human 
caidiac muscle seem to be those of Constabel,^ who analyzed a total of 
38 hearts and obtained values ranging from 60 to 188 mg per hundred 
grams for the concentration in the left ventricle No relation to age 
or sex was observed, but hearts with fatty and other degenerative 
changes showed significantly lower values than those that were more 
nearly normal In general the creatine concentration was about 10 per 
cent lower in the right than in the left ventricle 

In 1929 Bodansky, Schwab and Brindley ^ reported analyses of 
^a^ous muscles, including the myocardium of the left ventricle of a 
patient with generalized myositis fibrosa The heart, which micro- 
scopically revealed certain abnormalities, such as enlargement of the 
fibers, granular C}'toplasm, mononuclear inflammatory cells and increased 
fibrosis, contained 159 mg of creatine per hundred grams of tissue 
Theie were no data with which to compare this result but Constabel's, 
which were consideied low At the first opportunity, therefore, hearts 
were obtained from three healthy young adults who had met death by 
accident, autopsy being performed less than an hour post mortem 
Analysis by the method of Rose, Helmer and Chanutin ® gave values 
for creatine of 261, 257 and 220 mg, respectively (Bodansky^) 
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Fiom these meager leferences^ it is apparent that little attention 
was given to the subject as long as creatine was known merely as a 
constituent of muscle without a well defined physiologic role However^ 
interest was soon aroused as the result of a succession of important 
discoveiies which showed, first, that a considerable proportion of the 
creatine exists m muscle as an ester of phosphoric acid (Eggleton and 
° Fiske and Subbarow’’), that the energy for musculai 
contraction is primarily deiived fiom the hydrolysis of phosphocreatme 
(Lundsgaard ®) and that within certain limits the newer concepts of 
the chemistry of muscle actiwt}^ based partly on these discoveiies, could 
be applied to the metabolism of caidiac muscle (Clark, Eggleton and 
Eggleton °) 

For obvious reasons a complete study of the relation of the cieatme 
content to the metabolism of cardiac muscle in health and disease on 
human material is out of the question The lapid hydrolysis and dis- 
appearance of glycogen and phosphoci eatine which result from even 
slight alterations of the in vivo conditions preclude their estimation 
after death, hence those who have attempted to study the problem 
in man have confined themselves to the determination of the total 
creatine content, the two notable contributions along this line being 
those of Cowan and Seecof, Linegar and Myers 

Cowan reported analyses of 80 hearts, 48 of which were classified 
as normal, as they showed comparatively little change anatomically 
(cloudy swelling, brown atrophy and sclerosis) Death was due to a 
variety of causes, such as pneumonia, empyema, tuberculosis, carcinoma, 
anemia and diabetes The average creatine concentration was 202 mg 
per hundred grams of tissue, with a standard deviation of 37 mg 
Evidence of cardiac decompensation existed in 17 cases In these the 
average was 147 mg , with a standard deviation of 37 mg In a third 

5 Constabel ^ Bodansk}’’, Schwab and Brindley ^ Bodansky ^ 

6 Eggleton, P , and Eggleton, G P The Inorganic Phosphate and a Labile 
Form of Organic Phosphate in the Gastrocnemius of the Frog, Biochem J 21 
190, 1927 

7 Fiske, C IT , and Subbarow, Y The Nature of the “Inorganic Phosphate” 
in Voluntary Muscle, Science 65 401, 1927, Phosphocreatme, J Biol Chem 81 
629, 1929 

8 Lundsgaard, E Untersuchungen uber Muskelkontraktionen ohne Milch- 
saurebildung, Biochem Ztschr 217 162, 1930 

9 Clark, A J , Eggleton, M G , and Eggleton, P Phosphagen in the Per- 
fused Heart of the Frog, J Physiol 75 332, 1932 

10 Cowan, D W The Creatine Content of the Myocardium of Normal and 
Abnormal Human Hearts, Am Heart J 9 378, 1934 

11 Seecof, D P, Linegar, C R, and Myers, V C The Difference in 
Creatine Concentration of the Left and Right Ventricular Cardiac Muscles, Arch 
Int Med 53 574 (April) 1934 
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group of 15 hearts of subjects who had shown clinical manifestations 
of heart disease and pathologic evidence of myocardial damage, cardiac 
hypertrophy or some other disorder, the creatine concentration of the 
left ventricle averaged 165 mg , with a standard deviation of 30 mg 
According to Cowan, his results suggested that the “reserve” of the 
heart closely parallels its creatine content 

Seecof , Linegar and Myers compared the creatine concentrations 
of the left and right ventricles They analyzed a total of 102 hearts, 
employing in each case blocks of tissue from anatomically similar 
locations In 84 the range for the left ventricle was from 116 to 369 
mg (average, 211 mg ) The range for the right ventricle was from 
93 to 283 mg (average, 148 mg ) Except in the heart of a new- 
born infant, the concentration was invariably greater in the left than 
in the right ventricle, the average difference being 63 mg , oi 30 pei 
cent, using the left ventricle as the standard 

The present report is based on the analyses of the left and right 
ventricles of 310 hearts, the largest series so far leported^- In addi- 
tion, data have been obtained for the papillary muscles of 52 heaits 
The cardiac samples were taken flora approximately identical loca- 
tions, in accordance with the suggestion of Seecof Linegar and Myers 
Most autopsies in this institution are performed within four or fiie 
hours after death, seldom later than t^^enty-four hours In the interval 
the corpse is kept in a moigue maintained at 3 or 4 C For this 
investigation analyses were not made when the autopsy was unduh 
delayed Usually the tissues were promptly subjected to the pre- 
liminary stages of analysis, but occasionally a delay of several hours 
was unavoidable, during which time the specimens were kept in stop- 
pered bottles in a refrigerator Our expeiience has confirmed the 
observations of others that aseptic autolysis of short duration has no 
significant effect on the total creatine content of tissues For the esti- 
mation of creatine the method of Rose, Helmer and Chanutm'* vas 
used, every detail of the procedure being carefully controlled 

12 After approximately half this work was completed Herrmann and his 
co-workers independently analyzed a number of left ventricles, some of which 
were in our series of autopsies Their results were included in a discussion 
entitled “Some Biochemical Factors of Heart Failure” (South M J 29 386, 
1936) 

13 In connection with various studies in this laboratory a large number of 
creatine estimations have been made for a relatively uniform statistical population 
(normal rats, heart and other tissues) For over two years the practice has been 
to carry out the analyses of the human hearts in company with a sufficient number 
of tissues of normal rats, especially cardiac tissue, so that any significant technical 
error in any set of determinations would be readilj’’ detected 
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RESULTS 

In evaluating the lesults it is to be realized that the 310 heaits 
lepiesent a heteiogeneous and complex statistical population, but in 
01 del to present a geneial view of the data and then vai lability and 


Creitme 



Creatine concentrations of the left and of the right ventricle, arranged accord- 
ing to the age and sex of the subjects The white circles represent white subjects 
and the black circles Negroes The numbers for each age group are given along 
the abscissa , the numbers along the ordinate indicate the distribution of cases for 
each interval of 20 mg m creatine concentration 


to bring out grossly the relation of the light to the left ventricle 
and such othei diffeiences as may conceivably be i elated to age, sex and 
lace, the data foi the gioup as a tAhole aie lepiesented m the accom- 
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panying figure Ten of the 310 hearts were of new-born infants oi 
of infants less than 1 yeai old These will be considered separately 
The remaining 300 hearts weie of subjects whose ages ranged from 
1 to 92 years In these the ci eatine concentration varied from a mini- 
mum of 38 to a maximum of 295 mg, the average being 159 2 fng 
The concentration in the right ventricle likewise varied within wide 
limits, fiom 38 to 230 mg with an average of 114 mg 

Table 1 — Cj eatine ConcenUahon of the Heait 



Mg of Creatine per 100 Gm 

of Tissue 




J' 


Standard 


Maximum 

Minimum 

Average 

Deviation 

212 males 





Left ventricle 

275 

SS 

157 10 

45 56 

Eight ventncle 

230 

38 

114 40 

34 71 

Piflerence and standard error of 





the diSerence of the two means 



42 7 3 00 


E (Eisher 



<0 01 


S8 females 





Left ventricle 

293 

67 

163 SO 

4011 

Eight ventricle 

1S4 

58 

114 60 

28 46 

Difference and standard error of 





the difference of the two means 



49 2-1-5 20 


E (Eisher 



<0 01 



Table 2 — Classification of Patients 


Xumber of Patients 

- - A _ 


Group 


Male 

Eemale 

Conditions Included 

1 

Congestive heart failure 

30 

20 


2 

Cardiac hjpertrophy 
(>400 Gm in males, 

>350 Gm in females) 

39 

16 

Syphilitic aortitis, hypertension, 
subacute bacterial endocarditis, 
chronic nephritis, cerebral hemor 
Thnge, etc 

3 

Clinical or pathologic 
evidence of heart disease 
moderate to severe degen 
eration of myocardium, 
not included in groups 

1 and 2 

ol 

27 

Eencarditis, chronic nephritis, 
peritonitis, tuberculosis, diabetes, 
carcinoma, pellagra, pneumonia, 
diphtheritic myocarditis, etc 

4 

Xo evidence of heart dis 
ease, minimal degenera 
tive changes of myocardium 

40 

15 

Meningitis, tuberculosis, carci 
noma, nephritis, eclampsia, 
peritonitis, suicide, etc 


Total 

ISO 

78 



Of the 300 subjects over 1 year of age, 212 were males and 88 
females Although there appeared to be little difference between the 
averages for the two sexes, nevertheless, the data for each group were 
tabulated separately (table 1) The lesults were fuither arranged 
according to the predominant clinical and pathologic observations Thus 
50 males definitely died of congestive heart failure, in 39 there was 
marked cardiac hypertrophy For reference a summary of the four 
subdivisions is gnen in table 2, wdnle the data for each group are out- 
lined in table 3 In these tabulations only those cases were included in 
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\\hich both the clinical and the pathologic data weie essentially coni- 
i'lete Boideiline cases, oi cases in which the information was incom- 
plete 01 unceitain, ^^ele omitted fiom these tables 


Table 3 — Cicatme Reset ze of Myocaidiuni and Compauson of Left and Right 

Ventt teles in Various Groups 



Mg of Creatine per 100 Gm 

of Tissue 



1 

A 

^ 

standard 


Maximum 

Minimum 

Average 

Deviation 

Group 1 (congestive heart failure)* 





50 males 





Left 5 entricle 

265 

3S 

1391 

53 86 

Right a entricle 

21S 

3S 

103 0 

35 3S 

DifTercnce 



36 H- 9 1 


P (I'isher 



<0 01 


20 females 





Left ventricle 

295 

51 

1461 

53 57 

Right ventricle 

169 

49 

108 0 

35 11 

Difference 



38 1 -1- 14 3 


P (Pisher 1*) 



<0 01 


Group 2 (cardiac hj pertrophy) 





39 males 





Left ventricle 

237 

81 

145 6 

34 80 

Right ventricle 

169 

49 

109 0 

22 70 

Difference 



36 6 6 6 


P (Pishcr 1*) 



<0 01 


10 females 





Left ventricle 

200 

90 

167 0 

41 40 

Right ventricle 

1S4 

09 

111 0 

3100 

Difference 



56 0 12 9 


P (Pisher 1*) 



<0 01 


Group 3 





51 males 





Left ventricle 

265 

6S 

165 0 

47 50 

Right ventricle 

223 

52 

116 0 

37 90 

Difference 



49 0 -1- 8 5 


P (Pisher 1*) 



<0 01 


27 females 





Left ventricle 

204 

98 

168 0 

35 50 

Right ventricle 

ICO 

59 

113 0 

2510 

Difference 



55 0 -4- 8 4 


P (Pisher ip 



<0 01 


Group 4 





40 males 





Left ventricle 

273 

97 

174 7 

29 60 

Right ventricle 

212 

S4 

127 8 

2010 

Difference 



46 9 + 6 5 


P (Pisher “) 



<0 01 


15 females 





Left ventricle 

236 

140 

171 3 

28 60 

Right ventricle 

162 

87 

123 7 

23 30 

Difference 



47 6 -4- 9 4 


P (Pisher 1*) 



<0 01 



* Heart weights m grams group 1, males, minimum 2S0, maMuiura 1,060, average 546 5, 
females, minimum SSO, maximum 720, average m Group 2, males, minimum 400, maximum 
080, average 480, females, minimum 350, maximum 600, average 423 


From the data in tables 1 and 3 it will he noted that the creatine 
concentrations of both ventricles varied within wide limits, the variability 
being greatest for the gioup of subjects with congestive heart failure 
and least foi the group in which there was no evidence of heart dis- 
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ease In the gioup with heait failuie the average concentrations for 
the two ventricles were lowei than the corresponding values foi the 
entile population and especially for groups 3 and 4 As a rule the con- 
centration was gi eater in the left than in the light ventricle, as shown 
by the difference between then means Indeed, the probability that 
these differences were not due to chance exceeds 100 1 (P = < 001) 
for all groups While this may be taken to predict the probable outcome 
for any compaiable series of analyses, it should not be assumed that 
the result m any given case can be predicted with any confidence, for 
even among adults theie were frequent exceptions to the rule of pro- 
portionality for the cieatine content of the two ventricles (table 6) 
The concentration in the left ventricle was someivhat higher foi the 
females than foi the males Howevei, the difference cannot be regaided 
as statistically significant (t = 1 17, P = 0 2 oi 0 3) In about two 


Table 4 — Dtstubiition of Concentiations of Cieatine m the Left J^entiicle Above 

200 Mg and Below 120 Mg 


Creatine 
Concentration, 
Mg per 100 Gm 

Total 
Number of 
Cases 

Group 1 

Group 2 

Group 3 

Group 4 

Unclas 

sided 

260-295 

11 

2 

1 

5 

3 

0 

240 259 

2 

0 

1 

1 

0 

0 

220-239 

13 

2 

3 

4 

3 

1 

200 219 

15 

2 

1 

4 

7 

1 


— 

— .. 



— 

- 

Totals 

41 

G 

6 

14 

13 

2 

100119 

18 

10 

6 

2 

0 

0 

80 99 

13 

o 

5 

4 

1 

0 

60-79 

s 

7 

0 

1 

0 

0 

Below 60 

4 

3 

0 

1 

0 

0 


— 

- . - 

- - ■ 

— 


- ■ - 

Totals 

45 

25 

11 

8 

1 

0 


thuds of the cases the cieatine concentrations for the left ventricles 
w^ere within the limits 159 2 ± 33 7 mg Theie were indeed only 41 
cases in which the concenti ation exceeded 200 mg and 45 in which it 
was less than 120 nig Classification of these results accoidmg to the 
predominant clinical and pathologic observations (table 4) revealed the 
following interesting facts Of the 41 subjects wdio show^ed a con- 
centration gieatei than 200 mg, only 6 belonged to group 1 and 6 
to group 2 The greater number represented subjects belonging to 
groups 3 and 4 On the other hand, of the 45 persons in wliom the 
cieatine concentration was low (120 mg or less), 36 w^eie in gioups 
1 and 2 and only 9 in gioups 3 and 4 These findings maj' be con- 
sidered as partly supporting Cowmn’s suggestion that the functional 
resene of the heait is i elated to its creatine reserve Howevei, a inoie 
critical anal} SIS of the data fiom this standpoint wall be attempted 
shoi tly 

L/R Ratio — In table 5 aie gnen the latios of the cieatine concen- 
tiation for the left (L) and the right (R) Aentricle It wall be obseived 
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that foi the males the average L/R values were somewhat lower m 
groups 1 and 2 than m gioup 4, while in gioup 3 the ratio was highest 
This may be due to the fact that the last group included a considerable 
piopoition of subjects with pneumonia, m which there was often 
piesent moderate oi seveie degeneration of the myocardium, the classi- 
fication in gioup 3 being based on this finding Moreover, m pneu- 
monia, as will be seen, the creatine concentration of the right ventricle 
tends to be loweied In the females caidiac hypertiophy (group 2) 
uas much less often associated with cieatine depletion from the left 
^entllcle than in males This point will be referied to again later 
For the 212 males the a^eiage difference between the two ventricles 
was 43 mg (maximum, -t- 134, minimum, — 27 mg) The L/R 
ratios a^eraged 1 38 (maximum, 2 87, minimum, 0 73), with a standard 
dewation of 0 35 Foi the 88 females the aveiage difference between the 
ventiicles uas 46 5 mg (maximum, 186, minimum, -f- ^ 

T^niE 3 —Ratio'; of Cicatuic Conccutiatwii in Left and RicjJit J^cnuiclcs (LIR) 


Male Female 

, - - — - 



Group 

/ 

Number of 
Cases 

L/B 

( 4.vernge) 

Xumber of 
Cases 

L/R 

(Average) 

1 


50 

1 35 

20 

1 35 

2 


39 

1 34 

IG 

1 50 

n 

u 


51 

1 42 

It 

149 

4 


40 

1 37 

15 

1 SS 

Total* 


212 

1 3$ 

SS 

1 43 


* ahis comprises all ttie autopsies on adults and includes a number of cases not classified 
in the four groups 


L/R ratios aieraged 143 (maximum, 2 7, minimum, 105), with a 
standard dewation of 0 336 As these figuies showed striking varia- 
bility, It seemed of inteiest to inquire whethei the more diveigent 
1 esults V ei e in any way associated with definite clinical oi pathologic 
manifestations Accordingly the i esults were classified as in table 6, 
grouping on the one hand those cases in which the L/R ratios exceeded 
16 (i e, in which there was a lelative impoverishment of the myo- 
cardium of the right -sentride) and, on the other hand, those cases m 
vhich the L/R ratio fell below 11 (i e , in which theie was relative 
cieatine impoveiishment of the left ventricle) Since we had observed 
low creatine values for the right ventricle in cases of lobar pneumonia 
and other types of severe pulmonary involvement, cases of these con- 
ditions are grouped separately in the table, except when the figuies 
are enclosed m parentheses Fiom table 6 it will be noted that m 31 
of the 69 cases in which there was a relative loss of creatine from the 
right ventricle there was pneumonia or other severe involvement of the 
lungs (tuberculous pneumonia, conglomerate tuberculosis or severe pul- 
monary edema) As theie weie a total of 67 cases m which a com- 
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paiable degree of pulmonaiy invohement was piesent, it follows that 
m 46 per cent of these there occurred a relative loss of creatine from 
the right ventricle This is to be compared wnth 12 per cent, repre- 
senting a similai i elation in the remaining 233 cases From these data, 
ivhich are admittedly meager, it seems that in persons with pneumonia 
and to some extent m other types of seveie pulmonary disease a loweied 
creatine reserve m the right venti icle occurred about four times as often 
as in the lemaming autopsy population It may be further observed 
that in 7 of 12 cases in -which death was due to lobar pnetimonia the 
L/R ratio exceeded 1 6 , this occurred m 10 of 28 cases of broncho- 
pneumonia 

A loweied creatine reserve in the right rathei than in the left ven- 
tricle is not an uncommon finding m cases of congestive heart failure 

Table 6 — DisU tbufion of L/R Ratios Above 1 6 and Below 1 1 


Concentration of Creatine 

Left Ventricle 

Eight Ventricle 

Kumber 

of 

Cases 

Group 1 

Group 2 

Group 3 

Group 4 

Pneu 

monla 

Other Severe 
Pulmonary 
Conditions 

Above 2 G 

3 

1 

0 

0 

0 

1 

1 

24239 

5 

0 

0 

0 

0 

5 

0 

2 2 239 

3 

0 

0 

1 

0 

1 

1 

20219 

*) 

1 

0 

0 

1 

2 

1 

18199 

20 

5 

2 

4 

3 

5 

1 

1 6179 

33 

G 

5 

7 

2 

10 

3 


III— ~ 


1. 1 . 1 — 

■ 1 1 

— -I 



Total 

G9 

13 

7 

12 

G 

24 

7 

10109 

21 

14 

3 

2 

2 

(1) 

0 

08099 

12 

8 

1 

2 

1 

(1) 

0 

0 73 0 79 

2 

1 

0 

1 

0 

0 

0 






— 

^i— .» 

■■ " ~ 

Total 

3a 

23 

4 

5 

3 

(2) 

0 


Indeed, in 13 of a total of 70 patients (50 males and 20 females) 
this -was noted More often, however, the L/R ratio tends to be low 
(relative depletion of creatine from the left ventricle), as indicated in 
table 6 Of the 35 cases in which the L/R ratio was less than 1 1, 
23 were in group 1 (congestive heart iailuie) Only 2 of the 35 sub- 
jects had pneumonia (lobai), both being classified m group 3 on the 
basis of the micioscopic pictuie 

The results therefore indicate that such factors as may be expected 
to contribute to stiam or exhaustion of either the left oi the right 
lentncle are often associated with a low^ered creatine concentration of 
the corresponding portion of the myocardium A more adequate appre- 
ciation of the constancy and significance of the changes may be gained, 
howeier, from the data outlined in table 7 In this table are given the 
lalues of the probabilities of the nonsignificance of the difference of 
the means, these ha\ing been calculated for each set of pairs This 
table thus affoids a ready means of comparing the aveiage myocardial 
creatine resene of ani gioup with that of any other 
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To illustiate, in the case of the left ventiicle (males), compaiison 
of gioup 1 (congestive heait failuie) with group 2 (cardiac hypertrophy, 
compensated heait disease and othei disoideis) gives the value of 0 5 
foi P vhich denotes that no leal significance can be attached to the 
difteiences between the means foi these gioups (see also table 3), 
1101 can the value 0 05 obtained on coinpaiing gioups 1 and 3 and 2 
and 3 (left ventiicle, male) be consideied of statistical significance, even 
though It lepiesents a 20 1 piobabihty that the diffeiences weie not 
due to chance On the othei hand, the P \alue of 0 02 (50 1 piob- 
abiht}’^) derned fiom the means foi gioup 1 and the total male popula- 
tion may be accepted as significant, as may ceitainly the values of <0 01 
in columns 5 and 9 Fiom these it is apparent that there was definitely 
a significant difteience between the mean concenti ations of cieatme 
of the subjects vith heait failuie and those without heait disease 
(gioup 4) and that theie was also a leal difteience between the lattei 


Table 7 — Companson of Vatwus Gioups, as Shozvn bv ihe Values of P ^ 




Males 



Females 




Loft 


Right 

k 

Left 

A 



Bight 



' 1 2 3 

4 ’ ' 1 

2 3 4 ' 

'l 2 3 

4 


2 3 

4 

Total 

0 02 0 2 0 4 

0 20 0 05 

0 4 0 7 0 90 

0108 07 

05 

04 

07 08 

03 

1 

0 o 0 05 <0 01 

0 4 005 <0 01 

02 01 

0 1 


08 06 

02 

2 

0 05 <0 01 

0 4 <0 01 

>0 9 

0 4 


09 

04 

3 


0 3 

01 


08 



02 


* Tor an explanation of the use of the letter P here see text 


and those ^Mth caidiac hypei trophy (gioup 2) But, as has been 
stressed in discussing the diffeiences between the left and the right 
ventricle, these calculations, while predicting the piobable lesults in 
similar comparisons, do not necessarily deteimine with any degree of 
assurance the outcome in any single case, as it is not uncommon, even 
in congestive heait failuie, for the cieatme leseive of the niyocaidium 
to remain unchanged or even at levels well above the average 

The data m table 7 suggest, nioieovei, a difteience between males 
and females It will be obseived that the v'^alues of P derived fiom 
the comparisons of group 1 with the total female population and with 
group 4 denote only a 10 1 probability that the differences between 
the means were not due to chance Even less significant differences 
are indicated by the values of P based on the following compaiisons 
left ventiicle, groups 2 and 4, and 3 and 4, light ventricle, all combina- 
tions Howevei, this dispaiity between the sexes may be more appaient 
than leal Because of the wide range of vai lability (note the standaid 
deviations foi group 1, male and female, table 3) a gi eater number of 
females may have yielded value for P comparable to those obtained 
for the males When the vaiiation of individual obseivations is small. 
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a small gioup of obseivations may suffice and indeed it is because 
Fisher's calculations may be applied to small numbeis of experiments 
01 observations that they have found such general use 

In caidiac hypeitiophy the creatine concentration of the left ven- 
tiicle was comparatively higliei in females than in males (table 3) 
Although theie was a gi eater incidence of syphilitic aoitic disease in 
the males, while m the females theie was a gieatei piopoition of hyper- 
tensive heait disease, no definite correlation was possible between these 
factois and the cieatine leserve of the myocaidium, nor was it possible 
to establish any i elation, either in gioup 2 or m group 1, with regard 
to therapeutic management (digitalis, vaiious diuietics and other drugs) 
01 to the administration teiminally of dextrose, epinephrine, caffeine 
sodiobenzoate and other drugs In the absence of definite conela- 
tions, the suggestion is offeied tentatively that the lower creatine con- 
eentiation of the myocardium for the males in group 2 as compared 
with that of the females in gioup 2 may be i elated not to heart disease 
piimarily but to other associated oi superimposed factors Thus the 
added strain on the heait due to ph 3 rsical woik may conceivably be 
lesponsible, in part, foi the nioie frequent i eduction of the myocardial 
resene of creatine m men with heart disease than in women In this 
connection it is lelevant to refei to the lecent observation of Chanutm 
and Ludewig^^ that in caidiac hypertrophy pioduced in paitially 
nephi ectomized hypei tensive lats, the creatine content increases in 
appi oximately dnect pioportion as the size of the heart inci eases, hence 
the creatine concenti ation remains faiily constant 

PapiUaiy Muscles — In 52 analyses the following lesults vere 
obtained 

IVIg of Creatine per lOO Gm 

t ^ ' 

ilaMnium Minimum Average 

Left ventricle 272 104 167 0 

Right ventricle 223 52 115 3 

Rnpillary muscle (left ventricle) 203 85 139 i 

The Cieatine concenti ations of the papillaiy muscles appealed to be 
inteimediate between the concentrations in the two ventricles In fact, 
this relation held in 43 of the 52 hearts analyzed In 2 cases the 
concenti ations •\^ere somewhat greatei than that in the left ventiicle, 
hile in 7 it w as less than that in the myocardium of the right ventricle 
The concentration of creatine in the papillar}^ muscle obtained from the 
right side Mas usually less than that from the left side 

14 Fisher, R A Statistical Methods for Research Workers, ed 4, Edinburgh, 
Oluer Bold, 1932 

15 Chanutm, A and Ludewig, S Experimental Renal Insufficiency Pro- 
duced bj Partial Nephrectomv IV Creatine Content of Hypertensive Hyper- 
trophied Hearts of Rats Fed Whole Dried Meat, Arch Int Med 57 887 (May) 
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Cieatuie Coiicoifi atioii of the HeaR m Infancy — In the ne^^- 
boin somewhat low ex ^alues xveie obtained than in the case lepoited by 
Seecof, Linegar and Myeis In agi cement with then obseivation the 
concentiation was lowei m the left than in the light ventiicle 

Mg of Creatine per 100 Gm 

— - ^ 

Left Right 

5 to G month fetus 45 Sq 

Female neA\ born lOS 131 

Male new born 78 112 

In a 7 w^eek old infant the 1 elation of the concentrations w^as 98/97 
In 6 otheis who died dm mg the fiist yeai of life the creatine concen- 
tiations waned from 62 to 189 mg in the left ventricle and fiom 69 
to 146 mg 111 the light The L/R latio in 1 infant was 1 , in 4 otheis 
It exceeded 1 , in a child wnth bronchopneumonia it w'^as 133/69 = 1 9 

COMMENT 

Without unnecessaiily belaboiing the subject, it may be stated biiefly 
that cardiac actnit}' depends on an adequate supply of oxygen and 
sufficient lesenes of glycogen, phosphoci eatine and such othei com- 
ponents as may participate m the eneigy tiansformations of the myo- 
caidium The lelative sensitivity of the heart to oxygen w^ant, its low 
ability, compared to skeletal muscle, to acquiie an oxygen debt and the 
tendency to a lapid loss of glycogen and an inciease in the amount of 
lactic acid w^liich accompanies anoxemia, fiom wdiatevei cause, have 
been established by lecent iirvestigations This leaves little doubt that 
in considering the piohlems of circulatoiy failure the biochemical 
aspects loom large and cannot be neglected At the same time it may 
be appropriate to stiess that the conditions associated wnth heait 
failure, clinically, may be sufficiently difteient fiom those in the experi- 
mental animal to lendei uncertain such assumptions as may be based 
entirely on expeiimental data 

The specific point in question is the 1 elation of heart failuie to the 
creatine reset ve of the myocardium As has been shown pieviously,^" 

16 Katz, L N , and Long, C N H Lactic Acid in Mammalian Cardiac 

Muscle, Proc Roy Soc , London, s B 99 8, 1926 Hines, H J G , Katz, L N , 
and Long, C N H ibid 99 20, 1926 Katz, L N , Kerridge, P T , and Long, 
C N H ibid 99 26, 1926 Himwich, H E , Goldfarb, W , and Nahum, L H 
Changes of the Carbohydrate Metabolism of the Heart Follow'ing Coronal y 
Occlusion, Am J Physiol 109 403, 1934 Meakins, J C Modern Muscle 
Physiology and Circulatory Failure, Ann Int Med 6 506, 1932 

17 Bodansky, M The Effect of Thyroid and Thjrovme on the Concentration 
of Creatine in the Heart, Muscle, Liver, and Testes of the Albino Rat, J Biol 
Qiem 109 615, 1935 Bodansky, M , Pilcher, J F , and Duff, V B J Exper 
Med 63 523, 1936 Bodansky, M, and Duff, V B Proc Soc Exper Biol &. 
Med 34 307, 1936, Endocrinology 20 537 and 541, 1936 
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heart failure in the hyperthyroid rat is associated with a marked reduc- 
tion of the creatine concentration of the myocardium From an initial 
value of about 190 mg , which closely approximates the normal concen- 
tration in man, the creatine concentration may be reduced to 90 mg, 
but raiely below this level, because circulatory failure usually super- 
venes when the creatine reseive has been reduced to about 50 per cent 
of normal Not only are the results such as to justify a prediction of 
the probable outcome for any similar series of experiments, but because 
of their relative uniformity a significant loss of creatine may be pre- 
dicted with reasonable confidence for any single experiment, there 
having been essentially no exceptions to the rule among more than 300 
lats treated with large doses of thyroid oi thyroxin This stands in 
marked contrast to the results in cases of clinical heart failure described 
111 the piesent paper While the values foi P reveal significant difter- 
tnces between the means of certain groups (subjects with heart failure 
compared with the entire population or with the subjects in whom there 
was no evidence of heart disease), individual results lacked uniformity 
and wei e hence unpredictable In short, each case of heart failure seems 
to be a law unto itself The conditions clinically are apparently too com- 
plex to permit the ready and simple definition that may be justified in 
experimental heait failure, in which, on the basis of our work and 
the woik of otheis, it seems that the glycogen and phosphocieatme 
mechanisms are primarily affected and that the depletion of creatine 
follows the loss of phosphocreatine Available information and the 
examination of our own clinical data in relation to therapeutic mea- 
sures and other factors do not peimit an explanation of the diversity of 
the results in heart failure, the maintenance of the creatine reserve at a 
comparatively high level in some cases and its reduction m otheis It 
does appear, however, that such factors as may be expected to inciease 
the load on either the right or the left ventricle, thereby leading to 
exhaustion, are often associated with a lowered creatine reserve of the 
coi responding portion of the myocardium 

SUMMARY 

Deteiminations have been made of the creatine concentration of 
the right and of the left ventiicle of 310 hearts obtained at autopsy 
In addition, the papillary muscles of 52 hearts were analyzed 

The data have been treated statistically and correlated, as far as 
possible, with the clinical manifestations and pathologic observations 
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Since no medical tieatment is known which will lower the level of 
the blood piessine of a patient suffering from essential hypertension 
more than temporarily, suigical measures deseive trial That it is 
desirable to reduce the level of the blood piessuie in such a patient has 
not ah^ays been conceded Clinical observation, howevei, suggests that 
continued hypertension of itself causes vascular disease Temporary 
reduction of an abnormally high piessure by means of drugs, such as 
sodium thiocyanate or colloidal sulfur, has not been obseived in this 
clinic to produce symptoms and signs of inadequate gaseous metabolism 
or disturbances of tissue nutrition These might have been expected were 
hypertension a compensatoiy mechanism seiving some useful purpose 
Nor ha^e recent obseiwations ^ supported the belief of Traube that the 
arteiial pressure must be abnoimally elevated to maintain an adequate 
perfusion of blood thiough the kidneys Reduction, especially of the 
diastolic pressuie, might conceivabl} interfere with the blood supply 
of the heart m cases of coronal y sclerosis and so predispose to attacks 
of angina pectoris This has not been observed so far as we are awaie 
It appears that no contraindications have been established, though they 
may well exist, foi reduction of the arterial pressure of patients 
suffering from essential hypertension The purpose of section of the 
anterior neive roots is, then, to reduce the abnormal pressure by remov- 
ing partially the nervous control of a portion of the splanchnic area, 
including the abdominal wall 

From the Hospital of the Rockefeller Institute for Medical Research and the 
Department of Surgery, the New York Hospital and Cornell University Medical 
College 

1 Page, I H The Effect on Renal Efficiency of Lowering Arterial Blood 
Pressure in Cases of Essential Hypertension and Nephritis, J Clin Investigation 
13 909, 1934 
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POSSIBLE MECHANISM OF THE LOWERING OF BLOOD PRESSURE BY 
SECTION or THE ANTERIOR ROOTS 

It has long been lecognized among physiologists that the vessels 
of the splanchnic region aie of impoitance in the maintenance of the 
blood pressure level The evidence foi this belief is vaiied Closure 
of the aorta below the level of the lenal vessels produces only a slight 
use in the blood piessuie The piessuie is elevated slightly more if 
the subclavian and caiotid aiteiies are simultaneously closed If, hon- 
evei, the aoita is clamped diiectly above the diaphiagm, eliminating 
the splanchnic legion fiom the circulation, a marked rise in piessure 
occuis (von Bezold,- Ludwig and Thiiy®) In 1875 Litten'^ noted 
that ligature of the supenoi mesenteiic arteiy of the dog lesulted in 
a prompt use in the arterial pressure, which fiequently peisisted foi 
several hours Longcope and McChntock ^ observed in then experi- 
ments that hypertension lesulted when the supenoi mesenteiic aiteiy 
and the celiac axis weie constricted Peimanent hypertension was not 
obtained, probably owing to the deielopment of collateial ciiculation 
Von Bezold^ showed that in cuianzed labbits electrical stimulation 
of isolated segments of the coid resulted in a rise m the blood piessure, 
the extent varying with the segment stimulated Stimulation of seg- 
ments in the ceivical region was without effect, but below the third 
thoracic segment both the heart late and the arteiial piessure weie 
markedly increased Biadfoid® stimulated the anterioi neive loots in 
dogs within the dm a and found that while the fourth and fifth thoracic 
and third lumbar roots had only slight powei to elevate the blood pies- 
sure and constrict the kidneys (measured by an oncometei), the roots 
included between these limits were highly effective Stimulation of the 
tenth and thirteenth thoracic roots caused especially powerful constiic- 
tion of the kidneys Biadfoid found that the aiea fiom which the renal 
vessels are supplied is extensive and apparently coextensive with that 
supplying the abdominal vessels It was thus shown that the splanchnic 
legion IS impoitant in the regulation of the arterial pressuie and that 

2 von Bezold, A Untersuchungen viber die Innervation des Herzens, Leipzig, 
W Engelmann, 1863 

3 Ludwig, C , and Thiry, L Ueber den Emfluss des Halsmarkes auf dem 
Blutstrom, Sitzungsb d k Akad d Wissenscli Math -naturw Cl 49 421, 1864 

4 Litten, M Ueber die Folgen des Verschhisses der Arteria mesaraica 
superior. Arch f path Anat 63 289, 1875 

5 Longcope, W T , and McChntock, A T The Effect of Compression of 
the Superior Mesenteric Arterv upon the Sj stemic Blood Pressure, Univ Pennsvl- 
^anla M Bull 22 226, 1909 The Effect of Permanent Constriction of the 
Splanchnic Arteries and the Association of Cardiac Hvpertroph)' with Arterio- 
sclerosis, Arch Int kled 6 439, 1910 

6 Bradford, J Rose The Inner\ation of the Renal Blood Vessels, J Ph\- 
siol 10 358, 1889 
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the nei\ous contiol of this legion lies in the anteiioi neive loots 
issuing horn the coid between the third thoracic and the thud liimbai 
segment 

Ihe expel imeiits of Binch, Haiiison and Blalock* may be taken 
as indicating the piactical impoitance of this fact They showed that 
susceptibiht}^ to heinoiihagc was only slightly greater in dogs receiving 
ether than in control unanesthetized animals, but severe circulatoiy 
failuie and death weie pioduced by the removal of i datively small 
amounts of blood fiom animals undei spinal anesthesia The diffeience 
■was atliibuted to the fact that the noimal dogs and those receiving 
etliei lesponded to hemoiihage by a compensatoiy vasoconstriction 
vhich tended to maintain the blood piessuie, while this constrictor 
1 espouse was diminished oi abolished by spinal anesthesia, and theie- 
foie a relatively slight deciease in the volume of the blood caused a 
dispiopoitionatel}^ laige decline in the pressure 

Cyon and Ludwig® and Bevei and Bezold ® lecognized the impoi- 
tance of the contiol of the abdominal vessels by the splanchnic neives 
Cutting one of them in cuiarized oi lightly anesthetized rabbits resulted 
in a fall in pressuie of fiom 30 to 50 mm of meicuiy, and section 
of the second one pioduced a fuither fall of from 8 to 10 mm of 
mercury (C}on and Ludwig) Bever and Bezold observed practically 
the same lo\vering of pressuie after section of both splanchnic nerves 
within the thorax as aftci division of the spinal cord in the ceivical 
region Stimulation of the distal portion of the seveied nerve lesulted 
111 marked eleiation of the blood pressuie, which was lacking when 
the cential end was stimulated (Cyon and Ludwig) 

Recoveiy of the tone of the vessels in noimal animals aftei denei- 
vation appears to be a geneial phenomenon (Giant, Camp, Giaybiel and 
Rothschild and ^^hlson. Roome and Giimson ^^) Whethei the abnor- 

7 Burch, J C , Harrison, T R , and Blalock, A A Comparison of the 
ElTects of Hemorrhage Under Ether Anesthesia and Under Spinal Anesthesia, 
Arch Surg 21 693 (Oct) 1930 

8 Cyon, E , and Ludwig, C Die Reflexe eines der sensiblen Nerven des 
Herzen auf die motorischen der Blutgefasse, Arb a d physiol Anstalt zu Leipzig 
1 128, 1866 

9 Bever, C, and von Bezold, A Von den Wirkungen der Nervi splanchnici 
auf den Blutdruck, im Aortensvstem. in von Bezold, A Untersuchungen aus dem 
physiologischen Laboratorium in Wurzburg, Leipzig, 1867, vol 1, p 314 

10 Grant, R T , Camp, P D , Graybiel, A , and Rothschild, P Further 
Observations on the Vessels and Nerves of the Rabbit’s Ear, with Special Refer- 
ence to the Effects of Denervation, Clin Sc 2 1, 1935 

11 Wilson, H , Roome, N W, and Gnmson, K , Complete Sympathectomy 
Observations on Certain Vascular Reactions During and After Complete Exclusion 
of the Sympathetic Nervous System in Dogs , an Experimental Study, Ann Surg 
103 498, 1936 
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inal tone in hypertensive animals also is recovered is not knovn The 
tone of the vessels is legained in from thiiteen to twenty-five days 
aftei section of the splanchnic neives in cats, and the blood pressure 
letmns to normal (Magnus The rise in blood piessure which 
follows stimulation of the splanchnic neives is believed to depend on 
two distinct mechanisms (1) conti action of the peiipheral vessels of 
the splanchnic aiea due directly to stimulation of the vasoconstrictoi 
neives supplying that legion and (2) contiaction of the peiipheial 
vessels throughout the whole oiganism due to liberation of epinephrine 
as a result of the direct stimulation of the neives to the adienal glands 
(Anrep and Lehndorff 

Evidence of a different nature concerning the idle of the splanchnic 
region as a regulator of the blood pressuie has been furnished by 
Jansen, Tams and Achehs They found that m dogs closure of the 
laige vessels to the head and extremities resulted m small and transient 
rises in the arteiial piessuie Conversely, closuie of the mesenteiic 
aiteiy lesulted in marked and sustained uses, thus confirming the 
findings of Longcope and McClintock ° Preliminary closure of the 
mesenteric aitery followed by closure of the vessels to the limbs pio- 
duced a use in piessuie consideiably gi eater than the sum of the eleva- 
tions when the piocedures were earned out separately In a noiinal 
human being binding three extiemities in elastic bandages, the blood 
pressuie being measuied in the fourth limb, caused only a teinpoiaiy 
use m the blood pressure, but in a hypertensive patient the rise was 
gi eater and prolonged These obseivations aie taken to mean that in 
a hypertensive patient the leservoir function of the abdominal vessels 
has been lost and can no longei compensate foi an increase in the 
lolume of blood These investigatois found, fuithei, that cold colonic 
11 ligations, which cause splanchnic vasoconstiiction, pioduced a much 
gieatei rise in piessuie than cold baths, which cause peiipheial vaso- 
constriction 

That nan owing of the arteiies of the extremities does not m itself 
cause hypertension was noted, among others, by Fishbeig^® He 

12 Magnus, R Ueber penpheren Gefasstonus im Splanchnicusgebiet, Arch f 
d ges Physiol 115 331, 1906 

^13 \on Anrep, G On the Part Played b}’' the Suprarenals in the Normal 
Vascular Reactions of The Bod\, J Physiol 45 307, 1912 

14 Lehndorff, A Ueber die Ursachen der typischen Schwankungen des 
allgemeinen Blutdruckes bei Reizung der Vasomotoren, Arch f Physiol , 1908, 
p 362 

15 Jansen. W H , Tams, W , and Achehs, H Blutdruckstudien I Zur 
D\namik des Blutdrucks (nach experimentellen Untersuchungen an Mensch und 
Tier), Deutsches Arch f khn Med 144 1, 1924 

16 Fishberg, A M Hr pertension and Nephritis, Philadelphia, Lea & Febiger, 

1931, p 193 
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obseived that the hlood piessme was noiinal in a patient suftenng 
f 10111 tliioniho-angiitis obliterans in whom both legs weie amputated 
and the left aim was severel)^ involved We have lepeatedly noted in 
this clinic that the aiteiial piessme is unchanged in a hypei tensive 
patient dining attacks chai actei ized b) intense palloi of the skin of 
the fingers (so-called “dead fingeis”) 

Steele and Kiik ha've presented convincing evidence that the 
tempeiatuie of the skin of a patient with essential hypei tension does 
not diffei fiom that of a iioimal subject Diuinal variations in the 
sui face tempei atm e i egulai ly occui in hj^pei tensive patients without any 
significant change in the aiteiial pressuie Elevation of the blood 
piessme evidentl} does not depend on constiiction of the aiteiioles 
of the skin, though it may be accompanied with it 

This leaned eiidence is taken to mean that the splanchnic vessels 
constitute an impoitant but not the onlj'^ flexible reseivoii which gov- 
erns the level of the aiteiial piessme 

It IS obvious from clinical obseivation that constriction of vessels 
must be piesent in cases of hypeitension in legions other than the 
splanchnic legion Foi example, the aiteiioles in the letina can be seen 
to be maikedly i educed in caliber Recent important evidence of Piinz- 
metal and Wilson^® and Pickeiiiig^® indicated that, so fai as conclu- 
sions can be diawn fiom the measmement of the blood flow in the 
foiearm, inci eased vasculai lesistance is widespiead thioughout the 
body Since an mciease of the blood flow associated with inhibition of 
the vasoconstrictoi impulses to the vessels of the foieaim and hand by 
V arming the body was no gieatei in a patient with hypeitension than 
in a noimal subject, it was concluded that the vascular hypertonus was 
not of vasomotoi oiigm Prinzmetal and AVilson found that sympa- 
thetic vasoconstiiction is lesponsible foi the hypertonus of coaic- 
tation of the aoita, but with this finding Pickering did not agiee 

These results piovide evidence that the nervous system plays an 
unimportant pait in the genesis of hypeitension Howevei, clinical 
observation makes it difficult to believe that it does not play an essential 
idle, at least in eaily stages of ceitain types of hypertension The 
maiked fall in the aiteiial pressure of a hypei tensive patient caused 
by spinal anesthesia is not leadily explained without recourse to the 

17 Steele, J M , and Kirk, E The Significance of the Vessels of the Skin in 
Essential Hypertension, J Clin Investigation 13 895, 1934 

18 Prinzmetal, M , and Wilson, C The Nature of the Peripheral Resistance 
in Arterial Hypertension with Special Reference to the Vasomotor System, J Chn 
Investigation 15 63, 1936 

19 Pickering, G W The Peripheral Resistance m Persistent Arterial Hyper- 
tension, Clin Sc 2 209, 1936 
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vasomotor system Possibly dm mg the early stages of essential hypei- 
tension heightened vasoconstriction arises from morbid activity of the 
nervous s}stem but as the disease pi ogi esses a local fault of the vessel 
wall piovides for continuance of the disease 

Since alteiations of the physiologic state of varied sorts, such as 
piegnancy, nephritis, pituitary basophilism, constiiction of the renal 
aiteiies and emotion, often are exhibited by the one sign they hare in 
common, namely, hypertension, the possibility may be entertained that 
a common substance is liberated which is not directly pressor m action 
but which acts on the vessel walls to induce hypertonus 

Though the mechanism causing hypertension is not known, it is of 
importance to ascertain what, if any, influence the nerrous system has 
m Its genesis The operation of Adson and Brown provides such an 
opportunity 

OPERATION 

Section of the anterioi loots as we have peifoimed it consists in the 
bilateial division of the anterioi roots of the sixth dorsal to the second 
lumbar spinal nerve The positive identification before operation of the 
spinous piocess of the fiist lumbai veitebra and its i elation to the ovei- 
lying skin has been helpful in determining the lower limit of the incision 
The identification of the last digitation of the dentate ligament after the 
dm a has been opened has aided m detei mining the roots to be divided, 
foi it is attached to the dura between the twelfth dorsal and the first 
lumbai neive (fig 1) 

With the patient under general anesthesia the laminae of the fiist 
lumbai to and including the sixth doisal veitebia aie lemoved in oidei 
to expose as widely as possible the dura matei coveiing the coid 
Hemorrhage is meticulously controlled befoie the dura is opened The 
incision in the dura is made in the midline and earned to either extiemit^ 
of the bony defect The edges of the incised dura are held apait with 
a series of fine silk threads, as shown in the accompanying illustration 
A rent is made in the pia-arachnoid, and the cerebrospinal fluid is 
removed by suction 

After the neives undei consideration have been identified the opera- 
tion of dividing the anterior roots is begun eithei at the upper oi the 
lower poition of the exposed cord A fine clamp is placed on the digita- 
tion of the dentate ligament close to the dura, and its attachment to the 
dura IS separated with a knife By drawing the clamp inward or 
mesially one can slightly rotate the spinal coid on its long axis, the 

20 Adson, A W , and Brown, G E Malignant Hj’pertension Report of Case 
Treated b}'- Bilateral Section of Anterior Spinal Nerve Roots from the Sixth 
Thoracic to the Second Lumbar, Inclusive, J A A 102 1115 (April 7) 1934 
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manemei bunging into Mew the antenoi* root of the spinal neiie It 
IS closely applied to the lateral oi \ entrolateral aspect of the coid and is 
co^eled b\ the pia-aiachnoid It can he leadily tiaced dowar.vaid and 
outtvaid to join the posterior root After the nerve has been identified 



Fig 1 — Drawing showing the operative field in section of the anterior roots 
from the sixth dorsal to the second lumbar spinal nerve 

a rent is made in the pia-ai achnoid covering it, and the nerve is laised 
fiom the cord with a blunt light angle neive hook It is doubly ligated 
with fine silk and divided hetw^een the ligatures The ligature of the 
nerve is deemed important because of the blood vessels w Inch accompany 
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it and which in many instances cannot satisfactoiily be separated from it 
In other cases the accompanying blood vessels are of sufficient size so 
that they may be separated from the nerve and preserved Their 
preservation is desirable, foi they contiibnte to the nourishment of 
the cord 

In this fashion each pair of anteiioi spinal neives is divided, and 
during the procedure frequent observations of the blood pressme are 
made by the anesthetist to determine the effect produced When divi- 
sion of the nerves has been completed, the dura is closed with intei- 
lupted fine silk sutuies The muscles, fascia and skin also are closed 
with interrupted silk sutures 

While from anatomic and physiologic considerations the division of 
the sixth dorsal to the second lumbar anteiioi root is probably desirable, 
we have, as a matter of practice, m only two instances divided all these 
nerves In the remaining cases we have omitted division of the sixth 
doisal and sometimes of the seventh and eighth dorsal neives and fre- 
quently have omitted division of the second lumbar nerve Two con- 
siderations chiefly have led us to vary tire procedure We have been 
anxious to determine whether early m cases of essential hypertension 
the division of the ninth, tenth, eleventh and twelfth dorsal and first 
lumbar neives is sufficient to lower the blood pressure significantly, for 
physiologic experiments indicate that the tenth, eleventh and tweltth 
dorsal and first lumbar nerves are importantly concerned in conti oiling 
the blood pressure Our observations, still insufficient in number, sug- 
gest that in cases of advanced involvement the division of all the nerves 
mentioned should be undei taken, in patients with an earh'^ stage of 
hypertension division of the ninth dorsal to the first lumbar nerve, 
inclusive, has thus far sufficed Again, and especially m eaily stages, 
the rapid and sometimes rather alarming fall m blood.pressure during 
the operation has made u& hesitate to divide the entire group of nerves 
The variation in the reaction of patients on the operating table has led us 
to divide first the ninth dorsal to the first lumbar nerve, inclusive, and 
to be guided as legards the division of the otheis by the patient’s reac- 
tion As our experience has increased we have become less fearful of 
a fall in blood pressure during the operation 

Aside from this fall in blood pressure there is little that occtiis dur- 
ing the operative piocedure to wairant comment The preservation of 
a clear field b)’’ the prevention of hemorrhage is the most important point 
in the perfoimance of section of the roots In oui experience hemor- 
rhage is most likely to occur from the small vessels accompanying the 
nerve roots and b}' manipulations too near the point at which the roots 
peif orate the dura Postopeiatively, aside from the low blood pressure, 
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which Ave have combated chiefly by intiavenous injections of dextiose 
solution, there have thus fai been few seiious complications Difficulty 
in evacuating the bladder and bowel for foity-eight hours aftei opeia- 
tion has been faiily fiequent and is attiibuted to the loss of function of 
the abdominal muscles In one case the inability to control the bladder 
persisted for seven weeks after the opeiation 

In oui latei expeiience the operation has been divided into tivo 
stages, the first teiminating with the completion of the laminectomy 
and the complete exposuie of the duia, the second consisting in the 
opening of the duia and the division of the anteiior nerve loots An 
mteival of seveial days to a week was allowed to elapse between stages 

plajST of study 

Cate of the Pahettf — Measurements of the blood pressure were made at 9 30 
a m dailj’’ AVith the patient m bed During the period of observation before opera- 
tion, which extended for a month or more, the patient was not allowed out of 
bed for any purpose It should be emphasized that each dot on the gtaptis under 
t]ic heading blood ptessnte usually leptesents fioni thiee to five measnt emcnts 
zvhtch wete avetaged jot convenience in chatting After operation the patient 
was allowed up at will, but measurements of the blood pressure were made with 
the patient in bed, hence the .measurements cannot be considered strictly compara- 
ble with those made before operation Sedatives, including chloral hydrate, amytal 
and less often sodium bromide, were employed liberally befoie but not after opera- 
tion The diet was unrestricted as to quality or amount Electrocardiographic 
records Avere made before and after operation by Dr Alfred Cohn and Miss Af 
Alleman 

Clinical Observations — Renal efficiency was measured by the urea clearance 
test and the ability of the kidneys to concentrate urine The urea clearance test 
was employed not only because it is a most delicate test but because Van Slyke, 
Rhoads, Hiller and Alving have shoAvn that m dogs it paiallels the renal blood 
flow The specific gravity was measured for a twelve hour specimen voided at 
the end of twenty-four hours Avithout fluids If protein Avas present in sufficient 
amount to contribute to the specific gravity, a correction was made for it, that is, 
0 003 Avas subtracted from the total specific gravity for each 1 per cent of protein — 
The number of formed elements m the urine Avas estimated by the technic of 
Addis 23 Not more than 500,000 red blood cells are excreted by a person with 
normal kidneys The piotein content of the urine Avas measured by the method 
of Shevky and Stafford, as slightly modified by AlacKay The protein content 

21 Van Slyke, D D , Rhoads, C P , Hiller, A , and Alving, A The Rela- 
' tionship of the Urea Clearance to the Renal Blood FIoav, Am J Physiol 110 387, 

1934 

22 Lashmet, F H , and Newburgh, L H An Improved Concentration Test of 
Renal Function, J A M A 99 1396 (Oct 22) 1932 

23 Addis, T The Number of Formed Elements in the Urinary Sediment of 
Normal Individuals, J Clin IiiA'^estigation 2 409, 1926 

24 MacKay, cited by Peters, J P , and Van Slyke, D D Quantitative Clini- 
cal Chemistry, Baltimore, Williams & Wilkins Compaity, 1932, vol 2, p 682 
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of the plasma was ascertained by the method of Howe,^^ and the hemoglobin con- 
tent was measured b> the Van Slyke and Neill method 

E\pIanafion of fhc Chaifs — On the charts the mean normal of each measure- 
ment represented is drawn as a base line , the shaded areas between the base line 
and the points representing observations indicate the degree of deviation above or 
below the a^erage normal The brackets at the left of the scales for urea clear- 
ance, concentration of urine and hematuria indicate the range of normal variability 
The normal base line for the hemoglobin value varies \vith the patient’s age and 
sex As prexiously stated, measurements of the blood pressure were made daily 
at 9 30 a m but me i cpi csented vi the chaits as avciages The black areas 
representing edema, according to the height of the black area in quarters of the 
total space, indicate (1) a trace, (2) moderate pitting, (3) marked pitting and 
(4) general edema with ascites Morbid changes in the ejegrounds are recorded 
as follows (n constriction of the arterioles, (2) arteriosclerosis, (3) exudate, 
(4) hemorrhages and (S) papilledema The estimated time which elapsed between 
the onset of the disease and the patient’s admission to the hospital is recorded on 
the lowest line of the chart as the first number following the word months Ihe 
other numbers m the bottom row indicate months after the patient’s first admiss on 
to the hospital 

Selection of Patients — It is possible though not proved that the patient who 
exhibits marked flexibility in the vascular system will obtain the greatest benefit 
Irom section of the anterior roots The criteria for vascular flexibility which 
have been emploved are of several kinds The first is a fall in blood pressure 
when the patient is put to bed The second is a fall in the blood pressure when 
colloidal sulfur or acetvdbetamethylcholine is injected intramuscularly, when 
sodium thiocyanate is given by mouth or when amyl nitrite is inhaled Tne 
third IS the daily fluctuation m the blood pressure level 

While previous cardiac decompensation and the presence of a markedly enlaiged 
heart, along with changes indicative of myocardial damage as indicated by the 
electrocardiogram, are not desirable when the operation is elective, it has not been 
our experience that these interdict it One case (11), in particular, illustrates this 
view Although the heart was greatly enlarged and the T wave was negative in 
leads I and II, with preponderance ot the left ventricle, the patient bore a two 
stasre operation without difficulty 

Extensive changes in the fundi also were considered indicative of a rapidly 
advancing morbid process, but thev did not contraindicate operation Since the 
fall in blood pressure has not appeared to reduce the renal efficiency, as measured 
bv the urea clearance test or the ability to concentrate urine, moderate degrees 
ot renal insufficiency (above 30 per cent of the normal urea clearance) may not 
jeopardize the life of the patient 

V'e have not considered it justifiable to select onlv’’ those patients in whom, 
in our opinion, a maximum fall in blood pressure might occur Some have been 
operated on in the terminal stage of the disease and some who have shown little 
evidence of vascular flexibilitj have been operated on in the hope that the blood 
pressure might be reduced, contrary^ to our prognosis 

25 Howe P E The Determination of Proteins in the Blood — a Micro 
Method, J Biol Chem 49 109, 1921 

26 Van Slvke D D, and Neill, J M The Determination of Gases in Blood 
and Other Solutions b> Vacuum Extraction and Manometric Vleasurement, J Biol 
Chem 61 573, 1924 
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REPORT or CASES 

The liistor\ of this patient has been repoited p’-eviously We wish 
to add to this record that it is now^ thirtj -seven months since the operation w'as 




Fig 2 — Case 1 was that of a woman aged 23 with essential hypertension of 
insidious onset She was 157 cm tall, and her ideal weight was 57 Kg Case 2 
was that of a woman aged 24 with essential hypertension She was 165 5 cm tall, 
and her ideal weight was 61 5 Kg 


27 Page, I H, and Heuer, G J A Surgical Treatment of Essential H%per- 
tension, J Clin Investigation 14 22, 1935 
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performed The sj'mptoms have not returned, and the patient has resumed her 
work in an office The blood pressure level after one-half hour’s rest in bed varies 
from 140 systolic and 106 diastolic to 162 systolic and 110 diastolic The renal 
function has remained normal, and there has been no change in the size of the 
cardiac shadow, as measured on an x-ray plate Since considerably moie data on 
this patient are now available, the graphic chart is again presented Dr E V 
Allen concurred with uS as to the advisability of operation in this case 

Case 2 — A 24 year old housewife, referred to us by Dr M C Rosenkranz, 
complained of dizziness, nausea, weakness, nervousness and ringing in the ears 
Her father died of hypertension at 44 years of age One sister 32 years old has 
had hypertension for five vears Four years ago this patient noticed that she 
had attacks during which her face and the upper part of the chest became sponta- 
neously blotchy red, she had spots before her eves and some dizziness The 
arterial pressure was found to be 130 mm For the past year she had been dis- 
tressed by nervousness, emotional instability, ringing in the ears, nausea, insomnia, 
weakness and dizziness Eight months previous to her admission to the hospital 
the arterial pressure was 180 mm , and four months later it was 220 mm Recently 
there was a slight loss of memory 

The patient was of masculine build, and there was a somewhat masculine dis- 
tribution of hair The beard was almost masculine The disks of the fundi were 
sharply outlined and slightly hj'peremic There was slight sausage-shaped constric- 
tion in some of the arterioles, and the veins were moderately dilated There was 
no perivasculitis, hemorrhage or exudate The thyroid gland was slightly and dif- 
fusely enlarged, but there were none of the classic signs of exophthalmic goiter The 
size of the heart was normal, as measured by percussion, and it was not overactive 
The aortic second sound was clearly accentuated Measurements from an x-ray plate 
showed a total transverse diameter of 10 5 cm and an internal diameter of the chest 
of 22 cm The peripheral vessels were a little thickened but not tortuous The 
coloring of the skin of the extremities was unusual, being mottled deep pmk and 
bluish Both the hands and the feet were cold and covered with perspiration 
Both superficial and deep reflexes were equal on the two sides and moderately 
active 

The basal metabolic rate was -|- 15 per cent The electrocardiographic record 
showed that the T wave was positive m leads I and II and negative in lead III 
The conduction time was 0 15 second There was preponderance of the left ven- 
tricle, and the rhythm was normal Roentgenograms of the skull showed it to be 
normal The Kline test was negative 

The blood pressure when the patient had been at rest in bed for nineteen days 
\aried from 180 systolic and 130 diastolic to 220 systolic and 160 diastolic, the 
a\erage level being 206 systolic and 148 diastolic 

Section of the anterior roots from the ninth thoracic to the first lumbar segment 
on the left side and from the ninth to the twelfth thoracic segment on the right 
side was performed on Nov 2, 1934 During the operation the arterial pressure 
fell from 195 sj'stolic and 140 diastolic to 120 systolic and 70 diastolic 

The postoperative course was uneventful The blood pressure averaged from 
130 to 148 systolic and from 90 to 96 diastolic for the first four months The 
improvement in the subjective symptoms was remarkable The patient has returned 
to work 

Comment — This patient had hypertension which appeared to be 
rapidly advancing The disease was found m other members of her 
family Four }ears prior to her admission to the hospital the arterial 
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piessuie was noinial, but eight months befoie hei admission to the 
hospital it was 180 mm and foui months later 220 mm She suffered 
f 10111 many subjective symptoiiis The “hypertensive diencephalic syn- 
diome was especially maiked Rest in bed and sedatives did not 
1 educe the piessuie significantly Five anteiior roots were seveied on 
one side and foui on the othei (ninth thoracic to first lumbar segment) 
The arteiial piessuie fell fioin an average level of 206 systolic and 
148 diastolic to 140 systolic and 94 diastolic and remained theie foi 
about file months Since then (m fifteen months) it has risen to 170 
systolic and 110 diastolic The subjective symptoms, excepting those 
included in the “diencephalic syndrome,” disappeaied, and the patient 
now noiks fiom 9 m the moining to 6 at night m a stoie 

C\SE 3 — A 17 3 ear old girl had complained of headaches and dizziness for 
three years There was no history of vascular disease in the family For the 
past few 3 ears she had noticed that she blushed extremely easily and simultane- 
ously had palpitations, sweating and slight shortness of breath She had had 
dull pains o\er the precordium 

One 3 ear before her admission to the hospital she decided to withdraw from 
the world and become a nun The arterial pressure was found to be ISO systolic 
and 102 diastolic Her emotional make-up was highly unstable, and she suffered 
from many conflicts She was referred to Dr S Clinton Levine, who found that 
the pressure tvas 174 systolic and 124 diastolic Six months later she was admitted 
to the hospital 

Physical examination showed that the girl was well proportioned She did not 
appear ill She blushed violently, the blush extending down over the upper part 
of the chest, and over the same area were small beads of perspiration The hands 
and feet were cold The distribution of hair was normal The nerve heads of 
the e 3 'egrounds were slightly hyperemic, but no papilledema was present The 
arterioles were tortuous (grade 2), but there was almost no perivasculitis The 
veins were slightly dilated There was no hemorrhage or exudate The thyioid 
gland was slightly and diffusely enlarged The heart was overactive, and the rate 
was 88 It was not enlarged Measurements made from an x-ray plate showed 
a total transverse diameter of 10 2 cm , and the internal diameter of the chest was 
23 5 cm The heart was pear shaped and the aorta normal The aortic and pul- 
monic second sounds were not accentuated The peripheral vessels were not thick- 
ened Both superficial and deep reflexes were active and equal on the two sides 
None of the classic symptoms of exophthalmic goiter were present except slight 
enlargement of the gland 

The electrocardiogram showed a positive T wave in leads I and II and a 
negative T wave in lead III, a PR interval of 0 16 second, preponderance of the 
left ventricle and normal rhythm The basal metabolism varied from 11 to 
-}- 8 on a number of occasions The blood sugar value was 103 mg per hundred 
cubic centimeters The sella turcica was small, but the floor was clearly defined 
The Khne and Wassermann tests were negative The blood pressure during the 
preliminary examinations in the outpatient clinic varied from 190 systolic and 
136 diastolic to 210 systolic and 144 diastolic When the patient was admitted 
to the hospital it quickly fell to an average of 180 systolic and 122 diastolic, 
falling as low as 136 systolic and 94 diastolic at one reading After the patient 
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had been in the hospital for five ^\eeks the pressure tvas still elevated, the diastolic 
pressure, in particular, reaching 130 tnm or more 

On Dec 18, 1934, the anterior nerve roots from the ninth thoracic to the 
first lumbar segment, inclusive, were severed The postoperative course was 




Fig 3 — Case 3 was that of a girl aged 17 years with essential hypertension 
She was 160 5 cm tall, and her ideal weight w'as 58 3 Kg Case 4 w^as that of a 
woman aged 32 with essential hypertension She was 158 5 cm tall, and her ideal 
weight was 50 8 Kg 


uneventful Distention was easilj controlled bv pitressm and enemas The 
patient was allowed up on the fourteenth postoperative dav The arterial pressure 
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fell to 100 systolic and 70 diastolic on the day of operation During the next 
^^eeks It averaged 130 sxstolic and 84 diastolic Reduced iron was administered 
to aid in o^ercomIng a slight degree of anemia which had developed There was 
little change in the lundi ot the eves Twentv-six months after operation the patient 
appeared to be in good health Excitement caused the arterial pressure to rise 
to 16- srstohc and 106 diastolic, but the level after rest was 138 systolic and 90 
diasto 1C The attacks suggestu e of the “diencephalic syndrome” were somewhat 
less serere than before operation Vll other symptoms had disappeared 

Coiiiuioif lilts A\as a case of maikecl hypei tension in a young giil 
S}mptoms and signs of the “h 3 '^pei tensive diencephalic syndrome” weie 
piominent Fi\e pans of anteiioi lienee loots weie sectioned (ninth 
thoiacic to hist liimbai) The blood piessuie fell fiom an aveiage 
preopeiatne lei el ot ISO systolic and 122 diastolic to 138 systolic and 
90 diastolic and has leinamed at this level foi twenty-six months 
Except foi the “diencephalic syndiome,” all subjective symptoms dis- 
appeaied 1 he opeiation was consideied successful 

CvsE 4 — A 32 rear old woman, referred to us bv Dr H Meyersburg, had 
noticed sliortness of breath which was unrelated to phy'sical exertion twelve years 
before her admission to the hospital At that time she was emotionally upset, 
and one year later suffered a “neryous breakdoyvn ” She yvas married the fol- 
loyynig year Tyyo years later a dead fetus was delivered The physician told 
her that she had hy'pertension and excreted a small amount of albumin Her 
emotional instability increased and two years later she was divorcee! Since 
then emotional instability and a feeling ot pressure in the head and abdomen 
haye been the outstanding symptoms For the past ten years she had been greatly 
embarrassed by spontaneous blushing, yyhich caused the skin of her face and the 
upper part of the chest to become mottled red and white Her mother and 
sister also exhibited this plKimmcnoii, and the sister, in addition, suffered from 
hypertension 

The patient yyas a well developed woman, obviously high strung and nervous 
The distribution of hair yvas normal Examination of the fundi showed that the 
nerye heads, arterioles and veins y\ere normal No perivasculitis, exu- 
date or hemorrhages w^ere noted The heart yy'as not enlarged, as measured 
by percussion X-ray'' measurements shoyved a total transverse diameter of 106 
cm and an internal diameter ot the chest of 23 6 cm The rate, rhythm and sounds 
yverc normal The peripheial vessels were not thickened or tortuous 

The electrocardiogram showed an upright T wave in leads I and II and a 
negatiy'c T yvave in lead HI) sinus tachycardia, a conduction time of 0 16 second 
and a normal rhythm The basal metabolic rate yv'as (first test) 12 per cent 
and (second test) —7 per cent Ihree days later it was (first test) 4-32 per 
cent and (second test) -f 11 pei cent The Wassermann test was negative The 
arterial pressure varied from 176 systolic and 126 diastolic to 230 sy'stolic and 
145 diastolic during the first tyventy days the patient yvas in bed The average 
pressure yvas 210 systolic and 130 diastolic While the blood pressure was 
relatiy'cly fixed at an elevated ley'el, particularly the diastolic pressure, the 

cardiac and renal functions were good 

On Nov 30, 1934, the anterior roots from the ninth thoracic to the first 
lumbar segment were cut During the operation the arterial pressure fell from 
190 systolic and 130 diastolic to 110 systolic and 70 diastolic The postoperative 
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course was uneventful, and fourteen days later the patient was allowed to walk 
The blood pressure fell to an average level of 160 systolic and 104 diastolic, but 
after twenty-two months it was 190 systolic and 118 diastolic The “diencephalic 
syndrome” continued unaltered, but the sensation of pressure in the head and 
abdomen disappeared The abdomen protruded slightly but not sufficiently to 
require a binder The superficial abdominal reflexes were absent, and there 
was no change in cutaneous sensibility Emotional excitement caused the arterial 
pressure to rise to 200 systolic and 130 diastolic Measurements of the heart 
from x-ray plates taken eleven months after the operation showed no change 
from the preoperatire size 

Comment — Section of five pairs of anteiior loots (ninth thoracic 
to first lumbar) cleaily i educed the blood piessuie in this case Asso- 
ciated with the reduction in arterial pressuie was the disappeaiance ot 
the sensation of piessure in the head and abdomen but no change in the 
intensity or the fiequency of the attacks characterized as the “hypei- 
tensive diencephalic s3mdrome ” Aftei eleven months it appealed that 
emotional instability was still piesent Twenty-seven months after opera- 
tion the aiterial pressure had iisen to a level somewhat below the pre- 
operative level The patient felt much impioved but the blood pressure 
had not been peimanently reduced 

Case 5 — A 25 year old housewife, referred to us by Dr Mary Halton, com- 
plained chiefly of daily headaches for the past year and one-half Hypertension 
had not occurred in her family She said she thought she was more than normally 
excitable Six years before her admission to the hospital the blood pressure 
was found to be 95 systolic and 60 diastolic Three years before her admission 
to the hospital the arterial pressure was again measured because of insomnia and 
nervousness and was found to be 142 systolic and 90 diastolic, one year before 
admission it was ISO systolic and 95 diastolic, five months before admission it 
was 170 systolic and 100 diastolic, and on admission it was 182 systolic and 116 
diastolic Loss of appetite, restlessness, fatigability, dizziness, faintness and severe 
headaches were the outstanding symptoms She also had attacks characterized 
by flushing of the face, involuntary crying and palpitation Shortness of breath on 
exertion was noticed a few months before admission She noticed that the hair 
on her body has grown rapidly m the past two years Nocturia occurred (six or 
eight times a night) 

The patient was a well developed woman The coarse, abundant hair showed 
a masculine t 3 'pe of distribution She appeared nervous and perspired freely 
The disks of the fundi were normal, and the arterioles in some places showed 
slight tortuosity and sausage-like constriction There was almost no perivasculitis 
Hemorrhages or exudates were not seen The tonsils had been removed The 
th\ roid gland was not palpable The heart was of normal size, as measured 
bi percussion Roentgenograms showed a maximum diameter of 7 5 cm on the 
left and 4 5 cm on the right, a total transverse diameter of 12 cm and an 
internal diameter of the chest of 25 cm The sounds were of good quality, 
and the aortic and pulmonic second sounds were not accentuated The pulse 
rate was 104 The peripheral vessels were not thickened There was no tremor 
in the outstretched fingers Both superficial and deep reflexes were equal in 
strength on the two sides but h\peracti\e The electrocardiographic record show^ed 
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T A\aves positne in all leads, a conduction time of 014 second, a diphasic P 
wave in lead III and preponderance of the left ventricle The sella turcica 
appeared normal m an x-ray plate 

During the first tw ent} -seven da 3 's that the patient w'as m bed without treat- 
ment other than sedatives, the arterial pressure \aried from 148 to 264 systolic 



was that of a woman aged 40 with essential hypertension She w'as 167 cm tall, 
and her ideal weight was 62 8 Kg 
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and from 90 to 148 diastolic, averaging about 184 systolic and 116 diastolic 
Colloidal sulfur, 1 cc twice daily, reduced the arterial pressure to an average 
level ot 152 systolic and 100 diastolic, but even under this treatment it slowly 

rose to 170 systolic and 100 diastolic When this treatment was discontinued 

It rose to 210 sjstohc and 116 diastolic After fourteen weeks of rest in bed 
the pressure had risen from 182 systolic and 116 diastolic to 200 systolic and 122 
diastolic The patient complained regularly of severe headaches, fleeting pains 
throughout the body and tightness over the scalp 

On Oct 29, 1934, laminectomy was performed from the sixth thoracic to the 
second lumbar segment Because the blood pressure varied precariously, the opera- 
tion was done in two stages Two days later the wound was reopened and the 
anterior nerve roots were severed from the sixth thoracic to the second lumbar 

'egment, inclusive The course was une\entful except for considerable dis- 

tention An intravenous pyelogram showed that no pathologic changes had occurred 
in the renal pelves During convalescence the arterial pressure varied considerably 
and after four weeks averaged 146 systolic and 106 diastolic Four months after 
operation it was 140 systolic and 100 diastolic and seven months later 152 systolic 
and 106 diastolic The subjective symptoms disappeared completely Constriction 
in the arterioles of the retina was no longer observed 

Comment — This was a case of seveie hypei tension in a young 
woman of moie than a year’s duration with marked subjective symp- 
toms Anatomic changes in the vasculai system were not evident Nine 
pans of ante! 101 lOots were severed (sixth thoracic to second lumbar) i\.n 
aveiage fall in pressure of 38 mm systolic and 10 mm diastolic occuiied, 
and the wade swings m piessure (up to 264 systolic and 148 diastolic) 
disappeaied The subjective symptoms were no longer piesent, except 
foi occasional headaches 

Case 6 — A 40 year old woman, referred to us by Dr Walter Niles, complained 
of headaches and a change of disposition for sixteen months She led a busy life 
as a supervisor of stenographers Sixteen months before admission to the hospital 
she noticed that she was becoming exceedingly^ nervous and irritable and that 
she tired easily A dull continuous pain was felt o\er the precordium, and exertion 
caused palpitations and dyspnea Eight months before her admission to the hospital 
swelling of the ankles occurred in the evening Pressure and a feeling of con- 
striction over the vertex became annoying symptoms along with repeated severe 
headaches The menstrual periods were regular, and the flow was more profuse 
than usual There was a marked decrease in libido Three months before her 
admission the left arm became numb, white and cold up to the elbow This 
attack lasted for about ten days and disappeared wnthout residual paralj'sis The 
blood pressure was 210 mm systolic one year before admission and 230 mm 
systolic three months before admission In the past month headaches and fatigue 
had been so severe as to confine the patient to her room 

Examination disclosed that the patient was a well developed, slightly over- 
weight woman The disks of the fundi were normal, but the arterioles were con- 
stricted (grade 2) and tortuous (grade 2), especially m the macular field There 
was practically no perivasculitis The veins were dilated (grade 3) and tortuous, 
and arteriovenous compression was observed There was no hemorrhage or 
exudate The thy roid gland was not palpable The heart beat had a moderate thrust 
and was increased in rate above normal The measurements from an x-ray plate 
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show ed a total trans\ ei se diameter of 14 8 cm and an internal diameter of the 
chest of 26 cm Ihe aorta w'as tortuous and more radio-opaque than normal 
The sounds were ot good quahtj’’, but the aortic second sound was markedh 
accentuated and the pulmonic second sound less so The peripheral vessels w^ere 
slightl} thickened The abdominal w'all was relaxed and flabb}’^ Roentgen examina- 
tion of the skull show’ed that the sella turcica w'as noimal 

The electrocardiogram showed positue T waves in leads I and II and a 
negative T wave m lead III, a conduction time of 0 16 second, preponderance of 
the left ventricle and a normal rhythm The Wassermann reaction was negative 
The basal metalxilic rate was -f- 1 The aiterial blood pressure varied from 208 to 
260 mm svstolic and from 132 to 160 mm diastolic, averaging 230 systolic 
and 142 diastolic during fourteen davs of rest in bed Intramuscular injections of 
colloidal sulfur reduced the pressure to a minimum of 180 svstolic and 122 
diastolic within fifteen davs 

On March 7, 1935, laminectomv was performed, and the anterior loots were 
severed from the ninth to and including the twelfth Alarked calcific arachnoiditis 
was found, which increased the difficulties of the operation greatly The post- 
operative course was uneventful The arterial pressure varied from 180 to 220 
mm sistolic and from 110 to 138 mm diastolic, averaging 210 systolic and 122 
diastolic, with the patient up and about the ward during the next month and a 
half The electrocardiogram was unchanged After the operation the subjective 
svmptoms disappeared The aliscnce oi headaches was striking The patient died of 
apoplexv nine months alter operation 

Comment — This patient suftered from maiked geneialized aiteiio- 
scleiosis as ^\ell as hvpei tension The aitenal pressuie vv^as fixed at a 
high level and showed little flexibility Di Niles agreed with us that 
because of the seveie subjective S}mptoms and the hopeless outlook 
opeiation should be attempted Because of the difficulty of opeiating 
on a spinal cord coveied with aiachnoidal calcified plaques, only font 
pans of dorsal lOots weie cut The fall in aitenal piessuie aveiaged 
20 mm systolic and 20 mm diastolic and was associated with a disap- 
peaiance of the subjectvie symptoms Death occuiied fiom apoplex} 
nine months aftei operation 

Case 7 — A 35 jear old housewife complained of headaches, precordial pain, 
dizzy spells, easy fatigability and dyspnea on exertion for three years There 
was no history of vascular disease in the family Three years before her admis- 
sion to the hospital hypertension was discovered by her phvsician. Dr J Auslander 
Since then, severe headaches lasting for davs has been the most characteristic 
symptom There has been no change in the menses or libido 

Examination showed that the patient was well developed and did not appear ill 
Corneal opacities were present in both eyes, and the pupils reacted to light and in 
accommodation actively The arterioles of the fundi were slightly constricted and 
tortuous, and the disks were normal There was no hemorrhage or exudate The 
thvroid gland was moderately and diffuselv enlarged without bruit No other 
signs of exophthalmic goiter were found The heart was not enlarged Measure- 
ments from an x-ray plate showed a maximum diameter of 8 9 cm to the left 
and 2 9 cm to the right, a total transverse diameter of 118 cm and an internal 
diameter of the chest of 25 cm The aorta was dilated and prominent The 
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aortic second sound was accentuated The cardiac rate was 96 The deep 
reflexes ivere hyperactive Marked generalized vascular sclerosis was present A 
roentgenogram of the skull showed that the sella turcica was normal The Was- 
sermann reaction was negative The electrocardiogram showed a positive T tvave in 
all three leads, a PR interval of 0 18 second, a deep wave in lead III and 



Fig 5 — Case 7 ^\as that of a ^\oman aged 35 with essential hypertension and 
generalized arteriosclerosis She was 156 5 cm tall, and her ideal weight was 
56 8 Kg Case S was that of a woman aged 25 with essential hypertension She 
was 150 7 cm tall, and her ideal weight was 50 3 Kg 
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r. normal rlnthm The basal metabolic rate was +7 per cent When the patient 
was admitted to the hospital the arterial pressure was 212 systolic and 126 
diastolic and ^arled from 182 to 212 mm sj^stohc and 108 to 132 mm diastolic during 
fourteen days of rest in bed The average pressure was 190 systolic and 122 
diastolic 

On Jan 25, 1935, the anterior nerve roots from the seventh to the twelfth 
thoracic segment were severed The arterial pressure fell to 90 systolic and 60 
diastolic immediately after the operation There was difficulty in voiding after 
the operation, and frequent catheterizationi was necessar}^' The patient sat 
up on the ninth day Gastric analysis was performed before and seventeen days 
after operation No marked difference uas found in either free or total acid in 
the specimen taken during fasting or that obtained after the injection of 0 5 mg of 
histamine 

The arterial pressure ^arled from 160 to 184 mm systolic and from 98 to 
122 mm diastolic during thirty-nine dajs of convalescence The average was 176 
systolic and 114 diastolic This level was not strictly comparable with the pre- 
operative le\el, bacause it was measured with the patient up and about the ward 
instead of m bed Four months after operation the arterial pressure at a 
single examination was 200 systolic and 120 diastolic There was no appaient 
postoperatn e change m the size of the cardiac shadow, and there were no 
changes in the ciegrounds 

Comment — This was a case of essential hypei tension of long duia- 
tion but relatively benign Subjective symptoms weie marked before 
operation Six pans of anterioi roots (seventh to twelfth thoiacic) 
were cut While almost complete symptomatic relief was obtained, the 
arterial piessure during the hist foui months fell on an average of only 
14 mm systolic and 10 mm diastolic It is our piesent opinion that 
the course of the disease was not significantly altered 

Case 8 — A 25 year old nurse, referred to us by Dr C Boettiger, of Flushing, 
Long Island, complained of headaches, nausea and dizziness for two years She 
stated that she had rheumatic fever with swollen joints at the age of 7 years Seven 
years before admission to the hospital she had an appendectomy performed, after 
which pneumonia developed Two years before her admission to the hospital a 
physician told her that she had rheumatic heart disease She had always been 
nervous and high strung For the past few years she noticed that she pei spired 
freely and that her hands and feet were usually cold and moist Flushing of the 
skin of the face and the upper part of the chest, palpitations, crying without 
apparent reason and consciousness of increased intestinal movements became 
annoying symptoms Two years before admission a life insurance policy was 
granted, although her blood pressure was 140 mm systolic In the past year 
excruciating headaches which often lasted for two days occurred, usually associated 
with nausea, dizziness and a feeling of constriction of the scalp After a day’s 
work she often had marked edema of the ankles, which disappeared after rest 
She smoked heavily The arterial pressure had risen to over 200 mm within the 
past two years 

The patient was a well developed, highly nervous and irritable woman, appearing 
greatly depressed The distribution of hair was normal There was acne vulgaris 
over the skin of the face and chest Examination of the fundi showed that 
the nerve heads were hyperemic but sharply outlined and without papilledema 
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II ( .rtcnolcs \\crc straightened and constricted ("grade 2) An earl\ stage ot 
(Hrm'^cnhtis vas present The \ems were dilated, and arterio\ enons compression 
ua. oh-entd Fhert \%as no hemorrhage or exudate The tlnroid gland was not 
tnhrged The heart was o\eracti\e and the rate 96 It w as not enlarged Roentgen 
ineasureinents showed a total transrerse diameter of 12 6 cm and an internal 
diimcier ot tlic elicit of 23 cm The first sound was snapping m character 
enu w IS lol'owcd b\ a short ssstohe w'hift Both the aortic and the pulmonic 
second sound were nnrkcdli accentuated The peripheral vessels were slightlv 
tnickcncd Both the superficial and the deep reflexes were active but more so 
on the loft than on the right Roentgenograms of the skull disclosed that the 
ics'cls within the bone of the -vault were markedh calcified The sella turcica 
wa*- norm'>l Ihe pineal gland was calcified There was no calcification of the 
peripheral \cssels The electrogardiograph record show'ed a positive T wave in 
leads 1 and II and a negative T wave m lead III, a PR interval of 016 second, 
preponderance of the left ventricle and a normal rhjthni After eight da 3 5 of 
lest m bed the blood pressure varied from 240 to 170 mm svstolic and from 
IIS to 112 mm diastolic, averaging 210 sj'stolic and 130 diastolic Intramuscular 
injections of colloidal sulfur and oral administration of sodium thiocvanate reduced 
the pressure slightlv The patient felt badlv during most of her stav in the 
hospital, prostrating headaches alternating with severe mental depression The 
livcl 01 the arterial pressure varied widelj and showed little tendencj" to fall 
On Jan 7, 1935, the anterior nerve roots were severed from the eighth 
thoracic to the first lumbar segment, inclusive The blood pressure fell to 90 
svstolic and 40 diastolic immediatelj after the operation and gradually rose to an 
average level of 148 sjstolic and 94 diastolic Fecal and unnar> incontinence 
developed but slowlv disappeared Bowel movements were obtained for a few 
weeks attcr the operation onlv bv the use of enemas and injections of solution 
01 posterior pituitarv It was found that the ethvl ester of betamethvlcbolme 
chloride often produced effective bowel movements 

The vital capacitj before operation was 2,100 cc and after operation 1,500 cc 
The waist measurement was 69 5 cm before operation and 75 cm after operation 
1 Inornscopv of the diaphragm showed movement of 3 or 4 cm on both sides, 
.'hull \' ns unchanged after section of the roots Tests showed that sweating 
\ In nb'.cnt over an area of the skin of the abdomen extending from slightlv 
below (he costal margin to the pubis Gastric analysis shouted the presence of 
i~cc Indruchlonc acid and a total acidit> of 105 After operation, the total aciditv 
w IS 108 Reexamination of the evegrounds showed that the right disk was still 
hirntiv hvpcrennc and the arterioles were no longer constricted No arteriovenous 
compression vv is present The size of the veins was normal the change being 
marked in conipanson with the preoperative status The aortic and pulmonic 
second sounds were still accentij^ted The mental depression continued for several 
mouths in spite of the fact that the blood pressure was not far abov'e normal, 
but it was less marked She still exhibited the attacks of blushing, lacnmation 
and palpitation, during which the arterial pressure rose to 180 svstolic and 124 
cin'tobc but tliev were not as intense as before the operation She was unco- 
ripcr.ativo and continuallv had difficultv with other patients and nurses Indeed, 
It was difiiciilt to measure the blood pressure W'hen she was not angry at some- 
thing It varied trom 140 to 190 mm sv stolic and from 90 to 110 mni diastolic The 
average pressure was 164 svstolic and 110 diastohc nine months after operation but 
rn.c to 220 sv stohe and 122 diastolic, nine months later After operation she had 
•KKiachcs rareh, and these were not severe Nine months after operation her 
whole attitude seemed to change and she is now an agreeable person 
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Comment — ^This was a case of severe hypei tension in a girl with 
neurotic tendencies Emotional instability and lacking headaches were 
the outstanding symptoms Six pairs of anteiior nerve loots (eighth 
thoiacic to first lumbai) weie seveied The fall in blood pressure 
aveiaged 60 mm systolic and 25 mm diastolic After nineteen months 
it slo^^ly lose to a level a little below that obseived before opeiation 
The headaches laigely disappeaied, and she was able to resume her woik 
as a nurse The mental depiession from which she suffered has almost 
disappeaied, and on the whole she feels much improved 

Case 9 — A 26 year old housewife complained of blurring of the vision foi 
one year There vas no vascular disease known m the family She had had 
scarlet feier at the age of 14 jears Eight jears before admission to the hospital 
she had consulted a phjsician because of burning and itching on urination, and 
sugar was found in the urine It w'as possible to control the diabetes by means 
of diet One jear before admission to the hospital she missed a menstrual period 
Two months later the arterial pressure was found to be 168 mm systolic 
Protein was found in the urine At that time she complained of dimness of 
Msion, and a month later a hemorrhage w^as observed in the right fundus A few' 
weeks later another one occuired in the left fundus Vision became steadily 
diminished until at the time of admission she was unable to distinguish objects 
held close to her eyes At times sw'elling of the ankles occurred Four months 
after she became pregnant an abortion was performed Shortly before this an 
infection of the toe occurred, w'lth cellulitis which spread up the leg, resulting 
m an abscess in tlie calf muscles She noticed that after the abortion she became 
ner\ous, lacked ambition, tired easily and w'as unable to sleep normally The 
menstrual periods became irregular, and she lacked libido Nocturia also occurred 
Eleven months after the onset of symptoms she entered the Presbyterian Hospital 
Dr F D Mott and Dr Wilcox kindly furnished us with the following informa- 
tion The blood pressure w'as 168 systolic and 90 diastolic Partial detachment 
of tlie retina A\as observed, with marked exudation Preretinal and vitreous 
hemorrhages also were noted The blood sugar content was 170 mg per 
hundred cubic centimeters, and the creatinine content was 1 6 mg The Wassermann 
reaction of the blood w'as negative The basal metabolic rate was — 6 per cent 
During her stay of one month in the hospital the urea content rose from 55 to 
84 mg per hundred cubic centimeters of blood The patient’s weight fell from 
165 to 147 pounds (75 to 67 Kg ) 

Physical examination showed that the patient was short, overweight and almost 
blind The distribution of hair was normal The skin of the trunk was abnormally 
browm The pupils reacted sluggishly to light The patient could count fingers 
at 6 inches (15 cm ) In the right eye was a large opacity m the vitreous and 
a deeper hemorrhage into the vitreous There was extensive hemorrhage m the 
neuro-epithelial layers of the retina Detachment of the retina had occurred m both 
fundi, and hemorrhages were present The remnants of the vessels were tortuous 
and of uneven caliber A purulent, necrotizing lesion of the gum margin W'as 
present, with erosion of the base of the teeth The heart rate was 96 Measure- 
ments made on percussion showed it to be markedly enlarged to the left and to 
the right The sounds were of good quality The aortic and pulmonic second 
sounds were slightly accentuated The arterial pressure was 198 systolic and 
98 diastolic The edge of the liver w'as palpated 2 cm below' the costal margin 
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Tiie electrocardiogram showed a negative T wave in lead I and an upright T wa\e 
m leads II and III, notching of and preponderance of the left ventricle The 
lire i clearance on admission uas IS per cent of normal, but within fourteen daj's 


B jghla disease following pregnancy 
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Fig 6 Case 9 was that of a avoman aged 26 avith Bright’s disease and hyper- 
tension following pregnancy She was 162 cm tall, and her ideal weight was 
59 5 Kg ^ Case 10 was that of a man aged 24 with malignant hypertension He 
was 1/6 D cm tall and his ideal weight was 69 Kg 


it had risen to 26 per cent of normal The blood pressure varied from 170 to 
212 mm sastolic and from 90 to 114 mm diastolic, averaging 200 systolic and 
110 diastolic for a period of se\en weeks in bed 
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Comment — It was lealized that this was a case of hopeless malignant 
arteriolar nephrosclei osis with neuroretinopathy, detachment of the 
retinas, caidiac hypeitiophy and hypei tension It was not known 
whether i eduction of the blood piessure would be of any value As a 
last lesoit the patient was subjected to section of the anterioi roots on 
June 20, 1934 Dm mg the latter pait of the operation the blood pres- 
sure varied alarmingly The roots from the sixth to the twelfth thoracic 
segment vere seveied While the dm a was being closed the patient 
stopped bieathing Dr R Parsons performed an autopsy No hemor- 
rhage A\as found in the coid The piimary diagnosis was generalized 
arteriolar sclerosis, aiteriolar nephrosclerosis, aitenoscleiosis with calci- 
fication of the aoita and its branches, detachment of the retinas with 
hemorrhage into them and partial atelectasis of the lungs Accessory 
anatomic diagnoses weie a peisistent thymus gland, cholelithiasis and 
follicular cysts of the o^anes 

Cash 10 — A 24 year old insurance clerk, referred to us by Dr J E Hutchinson 
and Dr T H Denne, of Hartford, Conn , complained of blurring of vision in 
both eies and se\ere headaches for four and a half months before entry into the 
hospital There was no familial history of hypertension He was excitable and 
nervous Eight months previously a stone had been removed from the pelvis of 
the right kidney The blood pressure was normal at that time Five weeks later 
he began to have dull headaches which appeared early m the morning and lasted 
until noon These became progressively more severe Three and one-half months 
later the Msion in the right e 3 e began to fail Marked papilledema with hemor- 
rhages and exudate was noted in the fundus of the right eye, and less marked 
changes were present in the left eje Vision in the left eye was 20/20 and in the 
right ej'’e 20/70 The basal metabolic rate was — 4 per cent The Wassermann 
reaction of the cerebrospinal fluid and blood was negative The arterial blood 
pressure was 210 systolic and 140 diastolic During the next four months the 
vision improved slightly, but the headaches continued The patient had had no 
cardiac symptoms or signs 

Physical examination showed that the patient was a well developed man, who 
did not appear ill There was bilateral papilledema f3 or 4 diopters) The disks 
were surrounded by large “cotton wool” exudates, and two hemorrhages were seen 
in the nasal portion of the left retina The arterioles were irregular and con- 
stricted The thyroid gland was not palpable The heart was not enlarged 
Measurements of the cardiac shadow on an x-ray plate showed a total transverse 
diameter of 13 1 cm The internal diameter of the chest was 26 cm The pulse 
rate was 86 The heart sounds were of good quality The peripheral vessels were 
slightly thickened The reflexes were hyperactive and equal on the two sides An 
electrocardiogram showed a PR interval of 0 17 second, a positive T wave in 
leads I and H and a negative T wave in lead III and high voltage of the QRS 
complex in all leads The sella turcica was normal in appearance on an x-ray 
plate The blood sugar value was 86 mg per hundred cubic centimeters During 
twelve days of rest in bed the blood pressure varied from 182 to 232 mm systolic 
and from 112 to 132 mm diastolic, averaging 190 systolic and 120 diastolic 

On April 25, 1935, laminectomy was performed from the sixth dorsal to the 
first lumbar segment, and four days later the anterior nerve roots were severed 
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from tlie ninth dorsal to the first lumbar segment, inclusive The postoperative 
course vas une^entful, and the patient was walking on the fourteenth day All 
subjectne complaints disappeared The arterial blood pressure varied from 166 to 
190 mm sjstohc and from 98 to 118 mm diastolic The average pressure was 
ISO systolic and 100 diastolic fourteen months after the operation The papilledema 
disappeared, the exudate in the retina was reabsorbed and the arterioles were not 
constricted The basal metabolic rate was — 3 5 per cent ten weeks after operation 

Comment — This was a case of malignant hypertension of short 
duiation which advanced rapidly The changes in the eyegrounds were 
marked and were the outstanding physical finding The eyegrounds wei e 
noimal nine months after operation Five pairs of anterior nerve roots 
were seveied The patient recovered quickly from the operation, and 
all the subjective symptoms disappeared A comparison of the level of 
the blood pressure w^hen the patient was at rest in bed before the opera- 
tion with that when he was up and about fourteen months after the 
operation show^ed that the pressure had fallen an average of 40 mm 
systolic and 20 mm diastolic This man now lives an active outdoor 
life 

Case 11 — A 26 year old man, a clerk, who was referred to this hospital by 
Dr Edivard Saunders, complained of the sudden appearance of a blind spot in his 
right eye three weeks previously There was no familial history of hypertension 
The patient had always considered himself to be healthy For the past two 
months he had noted that he became fatigued easily and that he had slight dyspnea 
on exertion Nocturia also had occurred in the past month No signs or symptoms 
other than these had been observed Examination by Dr Francis Glazebrook dis- 
closed that the patient had proteinuria and hypertension 

The patient was well developed and appeared healthy Examination of the 
fundi showed that papilledema (3 diopters) was present The disks were sur- 
rounded by large areas of hard, white exudate which had coalesced, and throughout 
the retinas W'ere small patches of exudate The vessels which sprang from the 
disk were completely obliterated at many points The arterioles showed all stages 
of constriction and degeneration, with perivascular reaction The veins were 
dilated, tortuous and in many places markedly compressed by the arterioles A 
well de\ eloped stellate figure was present in the macular region The thyroid gland 
was normal The heart was markedly enlarged both to the right and to the left 
Aleasurements from an x-ray plate show'ed a total transverse diameter of 17 2 cm , 
W'lth the internal diameter of the chest 27 4 cm The aortic shadow appeared 
prominent and tortuous on the plate The cardiac rate was increased (92 beats per 
minute) and there was a gallop rhythm The aortic and pulmonic second sounds 
were both markedh accentuated, no murmurs were heard Just inside the nipple 
line in the fifth interspace a friction rub was heard The peripheral vessels were 
thickened (grade 2) and slightly tortuous The electrocardiogram show'ed that the 
T wa\e was negatue in leads I and II and upright in III The conduction time 
was 0 2 second There w'as marked preponderance of the left ventricle, and the 
rhjthm was normal An x-ray plate of the skull showed the sella turcica to be 
normal in appearance The arterial blood pressure varied from a maximum of 
210 to 166 mm s> stohc and from 152 to 110 mm diastolic during twenty-two days 
of rest in bed The a^erage pressure for this period w'as 190 systolic and 124 
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diastolic The Klein and ^Vassermann tests for syphilis were negative The blood 
sugar value was 102 mg per hundred cubic centimeters The basal metabolic 
rate was — 8 per cent 
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Fig 7 — Case 11 was that of a man aged 26 with malignant nephrosclerosis 
He was 182 5 cm tall, and his ideal weight was 73 5 Kg Case 12 was that of a 
woman aged 33 with essential hypertension She was 153 S cm tall, and her ideal 
weight was 50 5 Kg 


On March 25, 1935, laminectomy from the sixth dorsal to the first lumbar 
vertebra was performed Ten days later the anterior nerve roots were severed from 
the ninth dorsal to the first lumbar segment, inclusive Recovery from the opera- 
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tion was unc\entful One month afterward measurements of the cardiac size 
from an x-ray plate showed a total transverse diameter of 16 5 cm , with the 
internal diameter of the chest 27 5 cm The transverse diameter of the heart was 
0 7 cm less than before operation The T waves m leads I and II, which had 
been negatne, became upright, and the atrioventricular conduction time was 
reduced from 0 2 to 0 16 second Five months after the operation an electrocardi- 
ogram showed upright T waves in all three leads, a conduction time of 0 16 second, 
preponderance of the left ventricle and a normal rhythm The basal metabolic 
rate was — 4 per cent twenty-two days after the operation Five weeks after the 
operation the fundi of the eyes appeared little changed from their condition before 
operation, but five weeks later the papilledema had disappeared The aiterial 
blood pressure varied from 160 to 210 mm systolic and from 98 to 142 mm 
diastolic The average was 184 systolic and 122 diastolic The patient was dis- 
charged but returned three weeks later, exhibiting signs of cardiac failure This 
quickly disappeared wuth the aid of rest m bed and digitalis The renal efficiency 
W'as somewhat more reduced, and the blood pressure had risen almost to its pre- 
operative level and at times above it The patient was readmitted six months 
after operation, again with cardiac failure The renal efficiency fell progressively 
Death occurred from both renal and cardiac failure ten months after the operation 

Autopsy (by Dr C P Rhoads) — ^The heart was markedly hypertrophied 
(weight, 695 Gm ), especially the left ventricle Coronary sclerosis (grade 3) was 
present The renal arteries showed atheromatosis and moderate thickening 
Marked atheromatosis (grade 3) was found also in the aorta, and atheromatous 
plaques studded the larger cerebral vessels There w'as marked hyaline thickening 
of the vessels of the spleen, liver and pancreas 

The capsule of the kidneys was stripped with difficulty, leaving a pebbled 
surface The cortex was atrophied Microscopic examination showed advanced 
changes in the renal vessels, consisting of thickening with hyaline connective tissue 
and with hyaline replacement of the muscular tissue Some of the glomeruli 
appeared normal, others showed deposits of fibrin m the capillary loops and still 
others were occluded by masses of hyaline tissue, proliferation of the capsule and 
adhesions between tuft and capsule 

The bone marrow showed slight interference with maturation of the cells 
Many young forms w'ere present, with few adult cells 

Careful examination of the spinal cord showed that no regeneration of the 
se%ered anterior nerve roots had occurred Histologic examination w'as made by 
Dr Lewis Steienson, who made the following report 

“Sections stained with cresyl violet show a considerable loss of anterior and 
lateral horn cells, together with severe changes in the cells which remain These 
changes are, for the most part, those seen m retrograde chromatolysis, with swell- 
ing of the cell, eccentricity or absence of the nucleus and fragmentation of the 
Nissl granules 

“The Lojez myelin sheath stain shows an absence or a severe degeneration in 
the fibers running from the anterior horns to form the anterior root Many of the 
fibers in the anterior roots can be seen with this stain to be lacking m myelin 
sheaths In addition to this there is an unexpected degeneration in the white matter 
of the cord in the spinocerebellar tracts, to some extent in the pyramidal tracts 
and here and there throughout the posterior columns There is thickening of the 
wall of the anterior spinal artery, with a narrowing of its lumen There is com- 
plete thrombosis of one of the other arteries in the posterolateral portion of one 
side of the spinal cord There is a thickening of the wall of many of the smaller 
arttr.es in the meninges about the cord Sections of the cord stained with 
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Fig 8 (case 11) — Section of the kidney showing marked vascular, tubular and 
interstitial changes Eosin and methylene blue stain , X 60 
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hematoxjlm and sudan III show some compound granular corpuscles in the spino- 
cerebellar tracts on both sides, the anterior horns being singularly free from fat 
or fat-containing cells Sections of the spinal cord stained for neuroglia show no 
increase m astrocytes or neuroglia fibers The sections stained for microglia show 
no increase in this element 

“The posterior roots stained for myelin appear to be normal The anterior roots, 
on the other hand, stained by the same method show marked degeneration of the 
myelin sheaths Sections of the anterior root stained with the Cajal stain show few 
normal axis-cylinders and an increase in the nuclei of the neurilemma 

“Because of the absence of proliferation of the neuroglia in the degenerated 
portions of the spinal cord a Masson tnchrome stain was used, and this shows a 
considerable deposit of green-staining collagen replacing the degenerated fibers in 
the white substance of the cord and also, to some extent, in the anterior horns 
of the cord ” 

Comment — This was a case of severe malignant hypertension, with 
a marked reduction in the lenal efficiency The exact time of onset 
cannot be stated, but the first symptom appealed only three weeks before 
the patient’s admission to the hospital Advanced morbid vascular 
changes had occurred and the heart and kidneys were seriously injured 
The pathologic process in the kidneys was evidently active, because 
many red blood cells were being excreted as well as protein and large 
numbers of casts We believed that the prognosis was hopeless and that 
death would not be long delayed Only as a last resort was an operation 
performed Five pairs of anterioi nerve roots weie severed in a two 
stage operation For four months after the operation the patient con- 
tinued to feel in excellent health The average blood pressuie fell 
12 mm systolic and 9 mm diastolic, and the transverse diameter of the 
heart was reduced 0 7 cm Howevei, three months later there 
occuiied cardiac decompensation, and there was evidence of further loss 
of lenal efficiency Both cardiac and lenal failure piogressed, terminat- 
ing his life ten months after the operation It was our opinion that the 
operation did not alter significantly the natuial course of the disease 
Autopsy confirmed the belief that morbid vascular change was wide- 
spread and severe It proved also that after ten months no regenera- 
tion of the severed nerve roots had occurred A corresponding loss of 
anterioi and lateral horn cells was obser\ed 

Case 12 — housewife 33 years old, referred to us by Dr J V Bohrer, com- 
plained of nervousness and easy fatigability Up to the time of the present illness 
she was m good health but highly excitable She had been pregnant three times 
but had had an abortion performed each time Ten j'ears before her admission to 
the hospital (1925) the arterial pressure was 240 systolic and ISO diastolic and 
varied from 184 systolic and 110 diastolic to 234 systolic and 134 diastolic during 
the next year It w'as 190 systolic and 140 diastolic two years later (1928), 200 
systolic and 145 diastolic m 1929, 238 systolic and 140 diastolic in 1933 and 240 
sjstohc and 150 diastolic in 1934 A jear and a half before her admission to the 
hospital, her brother died, and shortly thereafter she became excessively nervous 
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Slie cried without reason and blushed abnormally often Except for emotional 
instability and ready fatigability there were no symptoms 

The patient was a well developed, overweight Jewess, who appeared nervous 
Throughout the examination she was never quiet The eyegrounds were normal 
The tlnroid gland was slightly and diffusely enlarged (grade 1) Marked systolic 
thrusts ^\cre observed m the suprasternal notch The heart was only slightly 
enlarged kleasurements from an x-ray plate showed a total transverse diameter 
of 13 7 cm and an internal diameter of the chest of 27 cm The aorta was dilated 
(grade 2) There was a soft systolic murmur heard best to the left of the sternum 
m the fourth interspace and a second one heard over the base The aortic second 
sound was slightly accentuated The peripheral vessels were a little thickened 
The deep reflexes \\ere moderatel}' hjperactive Roentgen examination showed 
the sella turcica to he normal An electrocardiogram exhibited a negative T wave 
in lead I, a diphasic T wave in lead II and an upright T wave in lead III, pre- 
ponderance of the left lentricle and a normal rhythm The renal efficiency was 
normal The Kline test for syphilis was negative The blood sugar value was 
93 mg per hundred cubic centimeters The arterial blood pressure varied from 
246 to 272 mm systolic and from 132 to 150 mm diastolic, averaging 258 systolic 
and 140 diastolic Daily intramuscular injections of 2 cc of colloidal sulfur 
produced no significant fall m the blood pressure Even after the patient had 
spent fixe weeks in bed no reduction in pressure occurred, and the daily variations 
were surprisinglj small 

On April 9, 1935, laminectomj was performed, and the anterior nerve roots 
xx’cre sexered from the eighth thoracic to the first lumbar segment, inclusive The 
postoperative course xx’as unexentful 

Short!} after the operation the blood pressure x'aried widely but soon stabilized 
During the next txx’o months the systolic pressure varied from 170 to 200 mm and 
the diastolic pressure from 104 to 128 mm , ax^eraging 182 systolic and 116 diastolic 

Comment — This is a lathei unusual case of benign hypeitension of 
at least ten j^eais’ duiation in a young xvoman Ten years befoie hei 
admission to the hospital the aiteiial pressure was 240 systolic and 150 
diastolic In spite of continued high pressure, there xvas little evidence 
of cardiac, lenal oi vasculai damage The aiterial pressuie was fixed 
at a high level and }vas not influenced by lest, injections of sulfur oi 
sedatives Section of six pans of anteiior neive roots was performed 
The arteiial pressure fluctuated widely foi about fifteen days and then 
stabilized at an aveiage level of 208 systolic and 126 diastolic foi twelve 
months aftei the opeiation The average piessuie before the operation 
was 258 systolic and 140 diastolic 

Case 13— A 46 year old man, a director of social xvork, referred by Dr A Toxv 
and Dr A Fishherg, of Nexv York, complained of easy fatigability for the past 
four years Three of his sisters have moderate hypertension, and one brother had 
died of high blood pressure This patient was ill xvith scarlet fever at the age of 
3 years He had alxvavs been overexcitable, highly emotional and impulsive Sixteen 
years before his admission to the hospital his blood pressure xvas normal, but one 
year later it was 150 mm Four years before his admission he noted that even 
moderate exertion caused extreme fatigue Since then insomnia, irritability, loss 
of memory and a "sensation of pressure all over the body" had become increasingly 
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distressing He had had a number of severe nosebleeds Emotional instability was 
so marked that he vas unable to adjust himself to his ordinary duties One year 
before his admission to the hospital a hemorrhage was observed in the left fundus 
Long periods of rest did not reduce the arterial pressure He had complained of 
anginal pains in the past few months 


Esse^al hypertension 


Tlali^iant hyportenfilon 




6 



Momtis 38 

G 


^ — Case 13 was that of a man aged 46 with essential hypertension He was 
168 cm tall, and his ideal \s eight was 60 3 Kg Case 14 was tliat of a man aged 37 
V ith malignant h 3 'pertension He was 169 cm tall, and his ideal weight was 64 Kg 


Plnsical examination showed a heavy-set middle-aged man, who did not appear 
ill but was restless and excited The distribution of hair was normal The disks 
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of the fundi were markedly hyperemic, and the edges were a little blurred There 
was papilledema (grade 1) The arterioles were completely obliterated m many 
places, and some showed sausage-shaped constriction They were tortuous 
(grade 3) The left inferior nasal artery was thrombosed There was peri- 
vasculitis (grade 1) throughout the arteriolar tree and marked arteriovenous 
compression The veins were moderately dilated and tortuous In the left fundus 
there was a small flame-shaped hemorrhage, and throughout both fundi small areas 
of early exudate formation were seen The heart was enlarged Measurements 
from a roentgenogram showed a transverse diameter of 16 2 cm , with the internal 
diameter of the chest 27 5 cm The aorta was tortuous and markedly dilated The 
heart was boot shaped The heart sounds were of good quality, and the aortic 
second sound was accentuated The peripheral vessels were thickened (grade 2) 
All the reflexes were normal The contour of the sella turcica was normal, the 
pineal gland was slightly calcified 

An electrocardiogram showed the T wave to be negative in lead I and positive 
in leads II and III The aunculoventricular conduction time was 02 second, and 
preponderance of the left ventricle was present Inhalation of a pearl of amyl 
nitrite reduced the arterial pressure from a control level of 250 systolic and 150 
diastolic to a minimum of 204 systolic and 120 diastolic Rest m bed with seda- 
tives for thirty days did not reduce the arterial pressure significantly During this 
period the pressure ranged from 232 to 280 mm systolic and from 140 to 192 mm 
diastolic, averaging 270 systolic and 160 diastolic 

On May 7, 1935, the anterior nerve roots were severed from the ninth thoracic 
to the first lumbar segment, inclusive A moderate number of calcified plaques 
\\ere found on the arachnoid membrane, and these made the operative procedure 
somewhat more difficult than usual The blood pressure fell to 100 systolic and 
70 diastolic, but the next day it rose to 170 systolic and 85 diastolic Recovery 
from the operation was uneventful except for an episode suggestive of vascular 
collapse which occurred on the eighteenth postoperative day Following a large 
defecation the patient felt weak and fainted There were slight fever and leuko- 
cytosis, but no convincing evidence of coronary or pulmonary thrombosis was 
obtained The arterial blood pressure fluctuated markedly for the first month 
after the operation but gradually stabilized at an average level of 240 systolic and 
150 diastolic, with limits of from 220 to 260 mm systolic and from 110 to 160 mm 
diastolic Slight regressive changes occurred in the eyegrounds, in that papil- 
ledema and the hemorrhage disappeared , otherwise they appeared to be unaltered 
The sire of the heart changed little The vital capacity before operation was 
3 4 liters, and seventeen days afterward it was 3 1 liters 

The patient lived an active and high strung life for the next sixteen months, 
when renal insufficiency rapidly appeared He died seventeen months after operation 
Autopsy showed that the vessels of most of the organs were markedly sclerosed 
The kidneys m particular showed extensive vascular change 

Comment — This patient had suffered from hypertension for fifteen 
years The blood pressure had become “fixed” at a high level (averag- 
ing 270 systolic and 160 diastolic), for it was not loweied by rest in 
bed or sedatives Vascular damage had occurred m the cardiac, retinal, 
renal and peripheral blood vessels In spite of its seeming fixity, the 
blood pressure fell to 100 systolic and 70 diastolic shortly after operation 
Five pairs of anterior nerve roots (ninth thoracic to first lumbai ) were 
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severed Recovery from the operation was uneventful Aftei a 
period of marked fluctuation the arterial pressure became stabilized at 
an average level of 240 systolic and 150 diastolic Practically all sub- 
jective symptoms disappeared, especially the headaches The patient 
resumed his foimer work and felt that he had been markedly benefited, 
in spite of the fact that the i eduction in the average arterial pressuie 
was not great Death occuried seventeen months after operation, with 
extreme renal insufficiency While marked subjective improvement 
occurred, it is not known whether the length of life was prolonged, if 
so, certainly not greatly 

Case 14 — A 37 year old salesman, referred to us by Dr C Whiting, complained 
of severe headaches in the occipital region for the past two and one-half years 
Five years before his admission to the hospital his blood pressure was normal It 
was found to be 224 mm fifteen months before admission Three months latei a 
hemorrhage occurred in the left fundus 

Physical examination showed extensive morbid changes m the eyegrounds The 
heart was not overactive and was slightly if at all enlarged On March 6, 1935, 
the total transverse diameter of the heart was 13 9 cm , and the internal diameter 
of the chest was 27 cm The aorta was slightly dilated An electrocardiogram 
showed only preponderence of the left ventricle at that time The pineal gland was 
calcified, but the sella was normal The blood pressure was 192 systolic and 130 
diastolic The patient was seen again nine months later, by this time the blood 
pressure had risen until it averaged 270 systolic and 170 diastolic with a maximum 
and a minimum systolic pressure of 280 and 262 mm and a maximum and a 
minimum diastolic pressure of 186 and 160 mm , respectively The papilledema 
was so intense that the nerve heads were literally mushroomed out into the 
posterior chamber Hemorrhages and exudate were to be seen everywhere, except 
in the right eye, where the exudate was less extensive The cardiac shadow was 
definitely enlarged, but much of the enlargement was due to widening and 
tortuosity of the aorta Spinal puncture showed that the cerebrospinal fluid was 
under a pressure of 430 mm of water The cell count was not increased, but the 
protein content was definitely increased In view of the remarkable rise in the 
arterial pressure and the advance m the morbid process in the eyegrounds, it was 
agreed that early fatal termination was probable It was fully realized that opera- 
tion was a last resort 

Laminectomy was performed on Dec 23, 1935, from the fifth dorsal to the 
second lumbar vertebra, inclusive On December 30 the nerve roots were sectioned 
from the seventh to the twelfth dorsal segment The postoperative course was 
uneventful, and on the ninth day after the operation the patient was allowed up 
Examination of the fundus one month later showed that the papilledema had 
markedly diminished The other changes were so extensive that it was difficult 
to be certain whether there had been any change in them or not Symptomatic 
relief was incomplete The average arterial pressure was 210 systolic and 140 
diastolic Compound solution of iodine given in doses of 6 drops twice a day for 
fourteen daj s had slight, if anv, effect on the rapid pulse rate Two months after 
the operation the patient died with left hemiplegia 

Comment — ^This was a case of advanced malignant hypertension, 
a.id operation was undertaken only as a last resort The arterial pres- 
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suie fell fiom an average pieopeiative level of 270 systolic and 170 
diastolic to 210 systolic and 140 diastolic Marked recession of the 
papilledema occuiied Symptomatic relief was incomplete Mdiile the 
immediate effects of the opeiation were beneficial, the pi ogress of the 
disease \\as not halted 

Case IS — A 44 j^ear old paper manufacturer, referred to us by Dr T Mackie, 
complained of headache and failing vision There was a familial history of hyper- 
tension The patient’s health had always been excellent 

The patient had had repeated physical examinations, and until 1932 the blood 
pressure nas normal Shortly after that he began to have headaches, which had 
become more severe and frequent The blood pressure was found to be slightly 
elevated, and after that it rose progressively In January 1935 hemorrhages 
occurred in both eyes, with almost complete obliteration of the vision in the left 
eye Headaches became more severe and at times were almost unbearable Long 
periods of rest were not of any particular value either in relieving the headaches 
or in reducing the blood pressure 

Physical examination sliowed a well developed man, who did not appear ill 
There was no evidence of the “diencephalic syndrome ” Examination of the left 
fundus shoved that the retina was almost completely obliterated with hemorrhage 
and exudate Here and there a vein could be seen and an occasional arteriole, the 
latter being extremely contracted The right eye also showed extensive retinal 
change The arterioles were tortuous and frequently buried in the retinal bed 
There vas papilledema (grade 2) There were no fresh hemorrhages but con- 
siderable evidence of resorbmg ones Ihe thyroid gland was not palpable The 
heart vas slightly enlarged on percussion The heart rate was elevated, and the 
sounds were of good quality An electrocardiogram showed evidence of myocardial 
damage Measurements of the heart from a roentgenogram showed a total trans- 
verse diameter of 13 2 cm Tlie internal diameter of the chest was 28 cm , and the 
aorta showed a marked bulge A roentgenogram of the skull showed that the sella 
turcica was large, and there appeared to be slight erosion of the posterior chnoid 
process The pineal gland was calcified (grade 3) The cold-pressor test showed 
a markedl}'^ overactive response (a rise of 62 mm systolic and 16 mm diastolic) 
The arterial pressure over a period of nineteen days in bed varied from 168 to 
222 mm systolic and from 118 to ISO mm diastolic The average pressure was 
200 systolic and 132 diastolic In view of the extreme changes m the eyegrounds 
and the rapid progress of the disease, a diagnosis of malignant hypertension was 
made, and extensive laminectomy with section of the anterior nerve roots was 
advised as the only possible means of retarding the disease 

On Dec 3, 1935, laminectomy was performed, and six days later the anterior 
nerve roots were severed on both sides from the eighth dorsal to the first lumbar 
segment, inclusive The wound healed without difficulty, but the patient had a 
mental upset For a time it appeared as though he had a true psychosis, but this 
gradually disappeared with the help of physical therapeutic methods and small 
amounts of sedatives After three weeks he was himself again, and his progress 
was rapid Two months after the operation there was definite improvement m the 
ocular fundi Constriction of the arterioles had disappeared There were no 
fresh hemorrhages or any new exudate Slight papilledema was still present in 
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the right eye, and the old scar of the nerve head was visible in the left eye The 
cold-pressor test showed a response of 28 mm systolic and 26 mm diastolic There 
was no change in the renal efficiency There appeared to be marked subjective 




Ing 10 — Case 15 was that of a man aged 44 with malignant hypertension He 
was 175 cm tall, and his ideal weight was 67 8 Kg Case 16 was that of a man 
aged 21 \\ith essential hypertension He was 172 cm tall, and his ideal weight 
was 66 Kg 


improvement The arterial pressure varied from 130 to 194 mm systolic and from 
90 to 120 mm diastolic. The average pressure was 186 systolic and 120 diastolic 
se\en months after the operation 
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Comment — This was a case of seveie malignant hypertension 
Operation lesulted in symptomatic lelief The aiteiial pressuie fell 
from an average preopeiative level of 208 systolic and 136 diastolic to 
186 systolic and 120 diastolic Marked legiession m the morbid changes 
m the eyegrounds occurred Thu teen months after operation the 
systolic blood pressure had risen to a level only slightly below the 
preopeiative level, but the diastolic pressure was 30 mm or more lowei 
It IS oui opinion that the lapid piogiess of the disease was maikedly 
letarded but that the ultimate prognosis may be poor 

Case 16 — A 21 year old man, referred to us by Dr F M Hanes and Dr E L 
Persons, of Durham, N C , had no complaints There was no familial history 
of Iwpertension 

This patient was impulsive and overexcitable, but from all outward appearances 
he seemed to be a perfectly normal college student By chance during the course 
of a routine physical examination when he was 18 hypertension was discovered 
The blood pressure two years later was found to be 200 systolic and 133 diastolic 
The heart and e 3 'egrounds were normal The patient was admitted to a hospital, 
and the blood pressure was found to be 220 systolic and 152 diastolic Other exam- 
inations, including the Wassermann and Kahn tests, revealed no abnormality 
During the course of the year the heart was found to have enlarged The basal 
metabolic rate was -f 7 An electrocaidiogram was suggestive of myocardial 
damage, because the T waves in leads T and II were inverted, and the T wave m 
lead IV was diphasic along with a levogram Fresh hemorrhages were found in 
the retina Since there was no significant fall in the blood pressure and the 
pressure remained at a dangerously high level, he was referred to this hospital 
for examination 

Physical examination showed an unusually well built, well developed man who 
did not appear ill The arterioles of the fundi showed sausage-shaped constric- 
tions, but the retinas were otherwise normal The heart appeared slightly if at all 
enlarged The aorta was dilated (grade 2) The peripheral vessels were thick- 
ened (grade 1) A roentgenogram of the skull showed that the contour and 
density of the sella were normal The response to the cold-pressor test was 
marked, the systolic pressure rising to 50 mm and the diastolic to 48 mm The 
arterial pressure varied from 170 to 210 mm systolic and from 122 to 140 mm 
diastolic, with an average of 200 systolic and 132 diastolic over a period of 
three weeks 

On Jan 6, 1936, laminectomy was performed from the sixth dorsal to the second 
vertebra, inclusive The following day the patient was paralyzed in both legs 
The wound was opened, and a blood clot was removed, which may have been com- 
pressing the cord Since an immediate return of function did not occur, the wound 
was reopened and the dura and cord were carefully inspected, but no abnormality 
was noted After two months, slight sensation returned, and in four months there 
appeared to be slight voluntary movement It is too early to predict how much 
function will return The blood pressure has been markedly reduced, the average 
being 140 systolic and 100 diastolic 

Comment — ^Tliis was a case of relatively eaily essential hypertension 
in which the arterial pressure was rapidly rising and in which cardiac 
changes weie already present The fact that hemoiihages weie obseived 
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in the eyegrounds at one time suggests that the disease might be malig- 
nant After operation transverse myelitis developed, possibly as a result 
of pressure from a blood clot After two months slight sensation in 
the legs returned and after four months slight motor power It is too 
early to be certain of the outcome of this serious accident The arterial 
blood pressure has been sharply reduced 

Case 17— A 37 year old broker complained of severe headaches for the past 
eight years In January 1928, during a casual examination, his blood pressure was 
found to be 145 systolic and 100 diastolic Shortly following this, as a result of 
the stock-market crash, the patient went through a long period of intense overwork 
and worry He became nervous and was unable to sleep It was found that his 
blood pressure was slowly rising In December 1931 Dr George Cnle performed 
bilateral adrenal denervation The operation had no effect either on the symptoms 
or the level of the blood pressure The patient gave up work entirely because of 
headaches and nervousness He had some signs and symptoms of the “diencephalic 
syndrome ” 

Physical examination showed that the vessels of the eyegrounds were slightly 
constricted (grade 1) and a little tortuous in some places, but usually the course 
was normal The heart was boot shaped and enlarged (grade 2) The peripheral 
vessels were thickened (grade 1) A roentgenogram of the heart showed that the 
total transverse diameter was 14 5 cm and that the internal diameter of the chest 
was 26 cm Of especial interest is the fact that the aorta was markedly and 
diffusely dilated A roentgenogram showed that the sella turcica was normal The 
blood pressure throughout the patient’s stay of twenty-five days in bed averaged 
230 systolic and 140 diastolic, the maximum and the minimum systolic pressure 
being 278 and 210 mm and the maximum and the minimum diastolic pressure 
150 and 120 mm , respectively The cold-pressor test showed a response of 56 mm 
systolic and 28 mm diastolic pressure The patient cooperated well in trying the 
“progressive relaxation” treatment He learned a great deal from it, and we 
believe that the maximum fall in blood pressure that could be expected was 
obtained 

On Feb 3, 1936, laminectomy from the sixth dorsal to the second lumbar 
vertebrae was performed The postoperative course was uneventful, except that 
the patient refused to have the second stage of the operation performed, that is, 
have the dura opened and the nerve roots severed Every effort was made to 
induce him to have the operation completed He was up in a chair fourteen days 
after the operation The arterial blood pressure soon rose to the preoperative level 
Some symptomatic relief occurred, but it lasted only a few months 

Comment — This was a case of essential hypertension with moder- 
ately disabling sj^ptoms Adrenal deneitation performed else- 
where did not reduce the arterial pressure oi relieve the symptoms 
“Piogressive lelaxation” was tried with what appeared to be only 
moderate success Laminectomy was performed, and foi reasons of 
his own the patient refused to allow the second stage of the operation 
to be performed, i e , exposure of the cord and section of the roots 
He therefore i oluntarily acted as a control foi our series of cases The 
aiterial pressure soon rose to the pieoperative level Four months 
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aftei the opeiation it was above the preoperative level, and fresh hemoi- 
rhages, exudate and papilledema had appeared in the eyegrounds When 
last heard fiom (seven months after the opeiation) the patient was 
obviously m the teiminal phase of the disease 




Fig 11— Case 17 was that of a man aged 37 with essential hypertension He 
was 171 5 cm tall, and his ideal weight was 70 Kg Case 18 was that of a woman 
aged 39 with essential hypertension in the malignant phase She was 148 cm tall, 
and her ideal weight was 52 5 Kg 
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Case 18 — The complete history of this 39 year old woman will not be presented 
She died as a result of septicemia due to the hemolytic streptococcus three days 
after laminectomy was performed Hypertension had been discovered six months 
before she was admitted to the hospital Fresh hemorrhages and exudates were 
observed in the ocular fundi, with papilledema Moderate cardiac hypertrophy and 
dilatation of the aorta were noted The renal function was slightly reduced (the 
urea clearance was 81 per cent of normal, and the maximum concentrating ability 
was 1 023) The average arterial pressure was 270 systolic and 148 diastolic over 
a period of five weeks while the patient was in bed 

Laminectomy was performed, but the dura was not opened The following day 
it was observed that the patient’s neck was stiff and that she was confused 
mentall}’^ Almost complete anuria followed (the urea clearance was 4 2 per cent 
of normal) The extremities were pale and bloodless Culture of the blood and 
spinal fluid showed the presence of hemolytic streptococci of group A (Lance- 
field; 28 Transfusions of blood and the intravenous injection of solutions of 
sodium lactate, sodium chloride and dextrose were associated with reestablishment 
of the urinary flow The urea nitrogen content rose to a maximum of 83 mg per 
hundred cubic centimeters of blood, and there was 15 24 millimols of carbon dioxide 
per liter of blood The latter value rose to normal, and the urea nitrogen value 
fell In spite of the reestablishment of more normal urinary function the patient 
passed into a coma and died three days after the operation 

Autopsy limited to the incision made at operation showed streptococcic menin- 
gitis The adrenal glands appeared normal except for a small adenoma The 
kidneys were swollen, pale and soft, and the line of division between the cortex and 
the medulla was indistinct Culture of material from the cord showed group A 
hemolytic streptococci 

Case 19 — This patient, a 22 year old housewife, had no complaints In July 
1929 her blood pressure was found to be normal She was examined every six 
months thereafter until 1933, and the pressure was never found elevated At that 
time she became pregnant, and during the course of pregnancy she was told that 
hypertension and proteinuria had developed The pregnancy ended in a mis- 
carriage In October 1934 she was again pregnant The blood pressure was found 
to be 280 mm Severe headaches appeared 

Physical examination showed a well developed, slightly obese woman, who did 
not appear ill Examination of the fundus revealed grade 3 constriction of the 
arterioles, many of them showing well defined sausage-shaped constriction These 
vessels were slightly more tortuous than normal The veins were dilated (grade 2) 
The physiologic cupping was unusually deep, and the nerve head was a little wider 
and more pale than normal The heart did not appear to be laboring excessively 
The sounds were of good quality There was grade 1 to 2 enlargement The aorta 
was markedly elongated and tortuous but not dilated A roentgenogram of the 
skull showed that the sella was normal and that the pineal gland was not calcified 
The cold-pressor test showed a maximum rise in systolic pressure of 20 mm and 
in diastolic pressure of 10 mm The renal efficiency was markedly reduced The 
maximum and the minimum systolic blood pressure were 290 and 230 mm (aver- 
age, 260 mm ) , and the maximum and the minimum diastolic pressure were 180 and 
122 mm (average, 160 mm ), respectively During her stay in the hospital severe 
secondary glaucoma developed It did not respond to treatment with hot com- 
presses and physostigmine 

28 The streptococci were tvped by Mrs R Lancefield 
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Section of the anterior root was performed on April 25, 1936 The patient bore 
the operation exceptionally easily and on the ninth day was up and about Shortly 
after the operation it was found that the intra-ocular tension in both eyes was 
normal Examination of the fundi showed that the secondary glaucoma had 
entirely disappeared and that there was slight secondary atrophy of the nerve head 
in the left eye The arterioles showed grade 2 constriction and in many places 




Fig 12 — Case 19 was that of a woman aged 22 with severe essential hyper- 
tension She was 167 cm tall, and her ideal weight was 63 Kg Case 20 was that 
of a man aged 40 with essential hypertension He was 169 cm tall, and his ideal 
weight was 64 Kg 
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were tortuous There were no hemorrhages, but there were points suggestive of 
an early hard, white exudate formation The blood pressure fell to an average 
level of 192 s 3 'stolic and 130 diastolic for a period of two and one-half months 
but during the ensuing four months it rose to 256 systolic and 156 diastolic The 
glaucoma has not reappeared, and the headaches occur only occasionally It is 
apparent, however, that the beneficial effects of the operation as regards the blood 
pressure may be temporary 

Comment — This was a case of severe essential hypertension begin- 
ning during pregnancy The arterial pressure was persistently high 
(260 s)'^stolic and 160 diastolic) m spite of rest in bed and sedatives 
Secondary glaucoma developed while the patient was receiving treat- 
ment 111 the hospital Convalescence from the operation was excep- 
tionally easy The glaucoma and headaches disappeared immediately 
aftei the operation The arterial pressure was reduced to an average of 
192 systolic and 130 diastolic for two and one-half months, but nine 
months after the operation it had returned to an average level of 230 
systolic and 142 diastolic The beneficial efifects of the operation may 
be onlv temporary 

Case 20 — A 40 year old man had complained for at least a year of fatigue, 
dizriness and attacks during which unconsciousness occurred Recently headaches 
had occurred sometimes lasting for three or four days There have been no signs 
or symptoms of the "hypertensive diencephalic syndrome ” Often he had pains 
just below the heart that caused him great alarm One year before his admission 
to the hospital the blood pressure was found to range from 220 systolic and 150 
diastolic to 158 systolic and 124 diastolic Three months before his admission to 
the hospital he noticed for the first time transient paralysis of the left arm asso- 
ciated with unconsciousness which lasted for a few hours 

Physical examination showed a middle-aged man who did not appear ill Exam- 
ination of the fundus revealed that the nerve heads were hyperemic (grade 1) 
The arterioles were constricted (grade 2 to 3), with slight tortuosity and little 
perivascular reaction There was slight arteriovenous constriction (grade 1), but 
no exudate or hemorrhage was present There was a marked thrust in the jugular 
notch Percussion showed the heart to be somewhat boot shaped The heart 
sounds were of good quality The aortic second sound was markedly accentuated 
The peripheral vessels were thickened (grade 1) A roentgenogram of the skull 
showed a normal sella The pineal gland was calcified (grade 1) The cold- 
pressor test showed a rise of 20 systolic and 26 diastolic The maximum systolic 
pressure was 280 mm and the minimum 156 mm The maximum diastolic pressure 
was 164 mm and the minimum 116 mm , with an average of 240 systolic and 
150 diastolic The fluctuations in blood pressure were wide 

Section of the anterior roots from the seventh thoracic to the first lumbar 
segment was performed on May 3, 1936 Nine days postoperatively the patient 
was up and feeling well Examination of the fundi two weeks after the operation 
showed in some places grade 2 and 3 constriction, but the sausage-shaped con- 
striction which was present before operation had disappeared The patient had had 
no headaches The cold-pressor test showed a systolic rise of 4 mm , and no 
diastolic rise The average blood pressure was 210 systolic and 132 diastolic At 
the time of his discharge the patient was considered to be improved 
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Comment — ^Tliis was a case of severe essential hypei tension in a 
middle-aged man Attacks of unconsciousness with transient paralysis 
caused him great distiess Section of the neive roots was well borne 
and was associated with a fall in the average aiterial pressure from 240 
systolic and 150 diastolic to 210 systolic and 132 diastolic No attacks 
have occurred during the six months since opeiation 

BIOPSY OF MUSCLE REMOVED AT OPERATION 

Di C P Rhoads examined the specimens removed from the lumbar 
muscles at operation and stated that, except in cases 2, 5 and 12, morbid 
changes in the arterioles were not seen It is of interest to note that 
two patients with malignant hypei tension and two with so-called “fixed” 
hypertension exhibited no significant morphologic changes 

COMPLICATIONS ASSOCIATED WITH THE OPERATION 

While in most cases lecoveiy from operation was uneventful, m a 
few serious difficulties occurred One patient (case 9) died just after 
closure of the dura She might have survived the two stage operation 
as It is now oui custom to perform it A second patient (case 18) died 
as the result of septicemia due to a hemolytic streptococcus three days 
after laminectomy was pei formed The dura had not been opened The 
streptococcus proved to belong to the Lancefield group A We have 
been unable to ascertain the source of the infection Since the operation 
uas performed in February, at the height of the season for infections of 
the upper respiratory tract, it suggests that, if elective, operation should 
be postponed until infections are not pievalent 

Transverse myelitis with paralysis of both legs occurred in one 
patient (case 16) eighteen hours after the laminectomy The dura was 
not opened At a second operation a moderate amount of blood clot 
was iemo\ed which may have pressed on the cord As recovery was 
not immediate, the dura was opened at a third operation, and the coid 
was carefully inspected None of us could see any change in its 
appearance which was considered abnormal Slight sensation in the 
legs has slowly returned, together with slight motor function It is 
our belief at present that recovery will be only partial 

One patient (case 15) was irrational during part of each night foi 
two weeks after the opeiation and then recovered fully The operation 
appeared to be associated with the release of a flood of deeply suppressed 
thoughts Physical therapeutic measures, such as warm baths, thermal 
light treatment and massage, were of value in quieting him 

COMMENT 

Seventeen patients have been subjected to section of the anterior 
nerve roots The character of the disease has varied greatly (table 1) 
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In one the disease was model ately benign but of long standing, in some 
It was of shoit duiation and luglily malignant, while in others, besides 
hypertension, a i eduction m the lenal efficiency was marked (“nephro- 
sclerosis”) The results of opeiation are coirespondingly not com- 
parable within the entiie gioup 

Three patients (cases 12, 19 and 20) showed severe but benign 
involvement, with moderate vasculai change Theie was variation as 
to the late at which the morbid process was advancing The aiteiial 
pressure was umfoimly unusually high, yet symptoms were not espe- 
cially maiked In one patient (case 19) seveie secondary glaucoma 
developed, and one (case 20) had a series of attacks resembling tian- 
sient apoplexy Section of the roots in these cases has produced benefit, 
although it appears to be tempoiaiy 

Six patients (cases 1 to 5 and 8) exemplify a type of hypei tension 
commonly found in young women All weie less than 32 years of age 
Renal and cardiac changes were minimal, but constiiction of the letinal 
arterioles was easily obseived Symptoms such as headache and shoit- 
ness of bieath weie present and usually seveie Especially maiked weie 
S 3 TOptoms which have been giouped under the teim hypertensive 
diencephalic syndiome-® Section of fiom five to nine pairs of neive 
roots lesulted m a pronounced fall m the arterial pressure Many of 
the subjective symptoms disappeaied, especially headache and palpita- 
tion The “diencephalic symptoms” were less obviously influenced 
This gioup of patients appealed markedly benefited 

Three patients (cases 6, 7 and 13) suffered from benign essential 
hypei tension of long duiation Evidence of maiked vascular change 
was found on examination of the eyegiounds and the peiipheial vessels 
and in the sections of muscle removed at opeiation Cardiac changes 
were piesent, as shown by the electiocaidiograms, the roentgenogi ams 
and the symptoms and signs which developed when the heart was undei 
slight strain The leiial efficiency, as estimated by the ability to concen- 
trate urine and the urea clearance test, was moderately i educed The 
arterial pressure, especially the diastolic, was regularly high The 
diastolic pressuie was as high as 192 mm in one patient (case 13) 
Four pairs of neive roots were severed m one patient (case 6), five 
pairs m another (case 13) and six pairs in the last (case 7) The 
arterial pressure fell definitely but by no means to noimal Subjective 
impiovement was maiked The patient (case 6) in whom only foui 
pairs of roots weie cut died of apoplexy nine months after the opera- 
tion The other (case 13) actively engaged m his business for a year 
but died with renal insufficiency seventeen months after operation The 

29 Page, I H A Syndrome Simulating Diencephalic Stimulation Occurring 
m Patients with Essential Hypertension, Am J M Sc 190 9, 1935 
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last patient is doing well two yeais after operation It is our opinion 
that the i eduction of pressure fiom such excessively high levels may 
1 educe the stiain on the heait and blood vessels sufficiently to prolong 
life somewhat but that only in exceptional cases are the risks of opera- 
tion justified 

The last gioup, consisting of three young and two middle-aged 
patients (cases 9, 10, 11, 14 and 15), had highly malignant types of 
hypei tension The disease was of short duration, but within this period 
the vasculai damage was extreme Marked neuroretmopathy was 
present in all these patients In two the cardiac and renal changes weie 
advanced, in two they were moderate, and in one they had just appeared 
Five pairs of anterior nerve roots were seveied m each of two patients 
(cases 10 and 11), six pairs in two (cases 14 and 15) and seven pairs 
in the other (case 9) One patient (case 9) died shortly after closuie 
of the dura Autopsy showed no hemorrhage in the cord but a per- 
sistent thymus gland and marked cardiac and renal damage The cause 
of death was not definitely established, though shock seems possible 
The second and third patients (cases 10 and 15) appeared to be bene- 
fited by the operation, in that the subjective symptoms disappeared and 
a marked regression in the morbid changes in the eyegrounds and a sig- 
nificant fall in blood pressure occurred The fourth and fifth patients 
(cases 11 and 14) did not appear to be aided Cardiac decompensation 
occurred in one, and the level of the blood pressure was at times as 
high as befoie operation The renal function and hemoglobin content 
steadily diminished It was our opinion that the natural course of the 
disease had not been altered The other patient died of apoplexy 

A numbei of our patients exhibited so-called “fixed” hypertension, 
that IS, the blood pressure lemained high and showed little variation in 
spite of rest and sedatives Duiing operation the arterial pressuie of 
these patients fell as markedly as in those with “labile” hypertension 
In all of them it remained low long after the effects ordinarily associated 
with a major operation had passed off No symptoms or signs of cai- 
diac insufficiency were present Consequently, although morbid changes 
had occurred in some of the blood vessels which were examined, either 
enough uninjured vessels remained which could dilate, or those vessels 
which appeared to be injuied had not lost this power Evidence is 
insufficient to decide which of the two explanations is correct It seems 
important to lay stress on the observations that dilatation of blood ves- 
sels sufficient to lower the arterial pressure can occur in a patient in 
whom organic change in the vessels was believed to fix the arterial 
pressure at a high level 

Summarising the effect of section of the anterior neive loots on the 
level of the arterial blood pressuie m patients ivho have been studied for 
from six to tw^enty-nine months aftei operation, the following general 
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statement may be hazarded Group 1 Those patients m whom the dis- 
ease IS benign but in whom advanced vascular change has not occurred 
may respond well Group 2 In cases of more advanced, longstanding 
involvement with morbid vascular change but with a benign character 
a favoiable lesult may occasionally be obtained Group 3 Young 
patients exhibiting s 3 ''mptoms and signs of the “diencephalic syndrome” 
may lespond in a satisfactory manner Group 4 Patients suffering 
fioni highly malignant hypertension laiely lespond favorably 

Observation of patients following opeiation shows cleaily that m 
gioups 2 and 4 the arterial piessure may remain markedly reduced for 
periods up to six months but that a slow use then usually occurs until 
the preoperative level is neaily leached The subjective improvement 
of most patients was so marked that they felt the operation was justified 
As the therapeutic effects, both subjective and objective, are more evident 
in gioups 1 and 3, fuithei investigations employing this or other simpler 
operative piocedures appear wan anted The tendency foi the arterial 
pressuie to return to its preoperative level has been much less definite 
It must be lemembeied, howevei, that the peiiod of postoperative study 
ha= been only two and one-half yeais m the latter gioups, hence, gieat 
caution IS necessaiy m evaluating the effects of the opeiation on the 
natuial history of the disease 

The normal level of urea clearance befoie opeiation m our cases of 
h) pertension makes it appear probable that the renal blood flow m these 
cases was merely normal and not elevated by the hypertension This 
is based on the observation of Van Slyke, Rhoads, Hiller and Alving 
that in dogs the uiea cleaiance parallels chiefly the renal blood flow It 
appears probable that the same parallelism occurs in patients 

It has been shown ^ that an abnoimal elevation of the aiteiial pies- 
sure in cases of essential hypertension oi nephritis does not appear to 
assist 111 the maintenance of renal efficiency The values for the uiea 
cleaiance obtained when the blood pressure was high weie compaied 
•with those obtained after the pressure was reduced entiiely oi partly to 
normal, eithei spontaneously oi as the result of injections of sulfur, the 
administration of sodium thiocyanate or a major operation No fall m 
the cleaiance accompanied the observed deci eases in the blood piessuie 
Data 111 this paper offei additional evidence of the same natuie, foi a 
marked reduction in the arteiial pressure followed the operation of 
section of the anteiior nerve roots without significant change eithei m 
the urea clearance or in the ability to concentrate urine 

Renal denervation by means of stripping the renal pedicle does not 
alter the urea cleaiance in cases of essential hypei tension oi nephritis,^” 

30 Page, I H, and Heuer, G J The Effect of Renal Denervation on the 
Level of Arterial Blood Pressure and Renal Function in Essential Hypertension, 
J Clin Investigation 14 27, 1935 The Effect of Renal Denervation in Patients 
Suffering from Nephritis, ibid 14 443, 1935 
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and, as the kidneys are paitially denervated as the result of the operation 
of section of the anterior nerve roots, observations on patients subjected 
to this operation are compaiable to those following stripping of the 
lenal pedicle Again no change in the urea clearance was obseived as 
a lesult of the denervation 

It appears that changes in the blood flow in the kidneys may occui 
independently of the extrinsic nerve supply The kidneys show a 
degree of vascular autonomy comparable to that of the brain The 
fact that the caliber of the renal vessels may vary without assistance 
fiom the extrinsic nerve supply does not, however, piove that the neive 
supply plays no part in their control 

Proteinuria and hematuria were insignificant in all the patients 
except two (cases 9 and 11) of those suffering from malignant hypei- 
tension The hemoglobin value usually was temporarily reduced as a 
direct result of the operation, but this was soon corrected Iron (1 Gm 
three times a day) has been employed to aid in Its regeneiation The 
plasma pioteins were uninfluenced by the operation 

Except for an occasional i eduction in the intensity of the papil- 
ledema, the most striking change in the fundi apparently resulting from 
the operation was relaxation of the constricted retinal arterioles In 
two patients (cases 10 and 15) absorption of the hard, white exudate 
was observed Secondary glaucoma disappeared in one patient 
(case 19) 

Changes in the size of the heait, as measured by the shadow on an 
x-iay plate, and changes measured on the electi ocardiogram, are sum- 
marized in table 2 Preponderance of the left ventricle was piesent in 
all the patients, and the atiioventnculai conduction time varied from 
012 to 0 2 second In two cases (cases 11 and 13) significant leduc- 
tion occuried after the operation (0 2 to 016 second) In a few of 
the patients (case 1, 2, 8, 11, 12 and 13) the size of the cardiac shadou 
on x-iay films was slightly reduced (fig 13), while in the remainder 
no significant change was observed Alterations of the electrocardio- 
giams were not considered significant 

Besides the fall in the arterial pressure, the disappearance in sub- 
jective symptoms was striking This cannot confidently be attributed 
entirelv to the effects of operation in loweiing the blood pressure Cer- 
tainly a major operation in conjunction with a prolonged period of 
lest in bed before the operation tends to reduce emotional instability 

It was of inteiest to observe that the “hypertensive diencephalic 
syndrome” did not disappear in some of the patients Briefly, this 
s}ndrome, as described by one of us (I H P ),-'’ consists of the spon- 
taneous appearance of a mottled blush over the face and the upper pait 
of the chest, both front and back, sweating, lacnmation, palpitation, a 
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slight rise in blood pi assure, occasionally increased peiistalsis and primi- 
tive emotional behavior The basal metabolism may be normal Blush- 
ing, sweating, laciimation and palpitation are most often observed 
Similai groups of signs and symptoms may occur in patients other 
than those suffering fiom hypertension, yet its frequent occurrence m 

Table 2 — Siimmaiy of the Electi ocardtogi aphtc Changes and the Changes %n 
the Size of the Heart as Obsetved Roentgenogi aphically 
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hypertensive patients suggests some intimate association with the mech- 
anism of the disease Should it be proved that the “hypertensive 
diencephalic syndrome” is indicative of irritation of the vegetative centei s 
in the brain, some clue to the etiology of essential hypertension might 
be obtained from a closer study of it Since it occuis m certain 
patients (cases 2 to 4) in chaiacteristic form in spite of a reduction 
in the blood pressure, it may be concluded that elevation of the piessure 
does not cause it 
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Of especial interest from the point of view of the mechanism of 
the reduction in blood pressure is case 17, since the patient of his own 
choice acted as a control Laminectomy was performed, but the second 
stage of the operation, namely, opening the duia and severing the 
nerves, was refused Because of the nature of the disease and this 
patient’s response to it, we believed that a favorable result was to be 
expected from surgical treatment A marked reduction m the blood 
pressure occurred for a short peiiod after the operation, but the pres- 
sure soon lose to its original level, indeed above it Had the shock 
of operation been responsible foi the prolonged lowering of the blood 
piessure which was observed m some of the other patients, it might 



Fig 13 (case 8) —Example of a decrease in the size of the heart following 
operation The broken line represents the shadow on the roentgenogram before 
the operation (Nov 26, 1934), and the continuous line represents the shadow seen 
fourteen months later (Jan 21, 1936) Planimeter measurements of the cardiac 
area were 102 5 sq cm preoperativelj' and 86 4 sq cm postoperatively 

hat e been anticipated that the arterial pressure m this patient also would 
have remained at the lower level 

In contrast to this case is case 16, m which transverse myelitis 
occurred at the eleventh dorsal segment The arterial pressure was 
reduced and has remained at the lowered level for eight months 

Opnuon differs among investigators regarding the participation of 
the nerious system in the genesis of the h 3 fpertonus of the blood ves- 
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sels responsible for hypertension The fact that piolonged i eduction 
of the arterial pressure occurs following section of anterior spinal neive 
roots suggests that the hypertonus is at least in pait due to vasocon- 
strictor impulses But it does not indicate whethei these impulses are 
inci eased m frequency and intensity or are normal Since m some 
patients the pressuie tends to return to the preoperative level after a 
greatei or lesser period of time, it is conceivable that either an insuf- 
ficient vascular bed has been deneivated oi, as seems moie reasonable, 
that some peripheral mechanism functions to cause hypei tonus 

Associated with the question of the return of the blood pressuie to 
its pieoperative level is the problem of regeneration of the nerve roots 
Although regeneration of the nerve ends after severance between silk 
ties might seem improbable, nevertheless it is a possibility That it did 
not occur within a period of ten and seventeen months, respectively, is 
proved by case 11 and case 13 Careful examination of the cord at 
autopsy failed to show any legeneiation 

Adson and Biown,“° the oiigmatois of this operation, have pub- 
lished their results obtained in twenty-seven cases m piehminaiy form 
and one case m detail The longest period of observation after opera- 
tion was five years The patient was a man with malignant hypei ten- 
sion The blood pressure fell markedly and remained at levels fiom 
140 to 166 mm of mercury systolic and 80 to 110 mm diastolic for a 
3 ^eai and a half Postoperative bleeding developed, which necessitated 
opening the wound This was followed by weakness of the legs 
Brown, Craig and Adson reported that their studies were carried out 
from three to six weeks after operation The mean values for the 
systolic pressure were 44 mm systolic and 38 mm diastolic less than 
before operation The average reduction in the cold-pressoi response 
(Hines-Brown test) was 80 mm systolic and 45 mm diastolic When 
the patient was recumbent the aiterial pressure was higher than when 
he was upright Definite lelaxation of the retinal arterioles occurred 
in some cases Regression of retinitis was noted twm or three weeks 
after the operation Pam in the legs, which persisted for two weeks or 
more after the operation, was complained of by three patients There 
was usually some subjective hyperesthesia of the skin of the thighs 
A diminution m the transverse diameter of the heart was demonstiated 
after the operation m two cases 

Brown, Craig and Adson made the following statement “Subjects 
less than 50 years of age, who have a relatively short history of hyper- 
tension, who present a serious prognosis, who have adequate function 

31 Brown, G E , Craig, W McK, and Adson, A W The Treatment of 
Severe Essential Hypertension Effects of Surgical Procedures Applied to the 
Sympathetic Nervous System, Minnesota Med 18 134, 1935 
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of the kidneys, and in whose blood pressure reactions there is a laige 
spastic element, as demonstrated by the excessive response to cold, and 
to emotional and other stimuli, are primary requisites’' in the selection 
of patients for operation These careful observers stated with wise 
judgment that “the ultimate value of this operation on the course and 
progression of these serious types of hypertension is not known” 

Our experience confirms to a large extent that of Adson, Craig 
and Brown Although in some cases the arterial pressure has iisen 
after a period of months to higher levels it has not returned to the pre- 
operative level In those cases in which the average arterial pressuie 
was not greatly lowered as the result of the operation there was a 
retuin to the preoperative level within a few weeks None of our patients 
complained of pain in the legs following the operation We agree with 
Brown, Adson and Craig that it is too early to be certain of the ultimate 
eftect this operation will have on the natural couise of the disease It 
IS our opinion that some of the patients have markedly benefited both 
subjectively and objectively (in two and one-half years), even though 
pel haps temporarily, that others have been benefited subjectively and 
that others have received no benefit but have not been harmed by the 
operation We do not regard the operation as an established thera- 
peutic proceduie even in those cases in which the benefits have been 
most marked Disability resulting from the opeiation has not been 
observed in any of the patients except when complications have 
been encountered 

Since the operation is a major surgical procedure with a number 
of inherent risks, the results must be judged most critically for a 
relatively small number of patients before there can be any justification 
of its employment for large numbers of patients It was with this 
purpose in mind that the present investigation was undertaken 

SUMMARY 

Evidence of varied nature indicates that, as part of a more geneial- 
ized vasoconstriction, vessels of the splanchnic aiea are nan owed in 
patients suffering from essential or malignant hypertension Since no 
contraindications are known for reduction of the arterial piessure in 
such patients and there is no known medical treatment of more than 
temporary value, it appears to be justified to attempt to abolish the 
extrinsic vasomotor control of this area by section of the anterior 
nerve roots with the hope of reducing the arterial pressure It has 
seemed desirable also to learn more of the part played by the nervous 

32 Adson, A W , Craig, W M , and Brown, G E Surgery in Its Relation 
to H 3 ’pertension, Siirg, Gj'nec & Obst 62 314, 1936 
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system in the genesis of hypertension To this end seventeen patients 
have been subjected to the operation of section of the anterior nerve 
loots 

No attempt was made to select patients in whom in our opinion a 
favoiable outcome might be anticipated Six patients showed benign 
involvement of long duration, thiee of them with moderate vascular 
changes and three with severe changes Six weie young women with 
signs and symptoms of the “hypertensive diencephalic syndrome ” Five 
suffered from highly malignant hypei tension The lesults of opeia- 
tion aie therefoie not comparable except within the subgioups 

While the ultimate effect of this opeiation on the natural couise of 
hypei tension cannot be foretold, from a study of these patients for 
periods of fiom eight to thiity-seven months after operation, the fol- 
lowing lesults may be listed (a) Three patients in whom the disease 
was severe but still benign and without advanced vascular change 
responded well (&) One of three patients with more advanced involve- 
ment of long standing, with marked sclerotic but benign vascular 
changes, lesponded favorably The headaches were relieved in the 
second and third cases, but the progress of the disease was unchecked 
(c) Six young patients exhibiting the “hypertensive diencephalic syn- 
drome” appeared benefited (d) Three of those suffering from highly 
malignant hypertension weie unaided by the operation, and two 
appeared to be impioved The favoiable responses have been a marked, 
prolonged lowering of the aiteiial pressure, the remission of such 
symptoms as headache, pressure m the head and easy fatigability and 
marked improvement in the disposition Other evidence of improve- 
ment in some of the patients has been relaxation of the spasm of the 
arterioles in the retina (eleven cases), absorption of exudate (two 
cases), disappearance of papilledema (three cases) and secondary glau- 
coma (one case), slight reduction in the size of the cardiac shadow in 
the roentgenogiams (eight cases) and reversal of the T wave from 
the inverted to the upright positron in lead I (two cases) There has 
been a definite tendency for a slow use in pressure to occur over a 
period of two and one-half years in most but not all patients Judg- 
ment must therefore be reserved as to the ultimate effects of the opera- 
tion on the natural history of the disease 

Although marked anatomic change was present in the vessels of 
some of the patients, this did not prevent a marked fall in the 
arterial pressure, which persisted long after the patient had recovered 
from the immediate effects of the operation This demonstrates that 
anatomic changes in the vessels do not account for the persistence of 
hypertension 
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Renal efficiency, as measured b)' the urea clearance and the ability 
to concentrate urine, was unchanged either by the partial denervation 
of the kidneys which resulted from the operation or fiom the fall in 
blood pressure 

In those patients exhibiting the “hypertensn e diencephalic syn- 
diome” a marked lowering of the blood pressuie did not cause it to 
disappear If this syndrome is the somatic expression of iriitation of 
vegetative centers in the brain stem and is not abolished by a reduction 
of the arterial pressure, it is piobahly not caused by elevation of the 
aiteiial pressure 

The operation of laminectoni}'- does not of itself reduce the aiteiial 
piessure for more than several weeks Transverse myelitis at the 
eleAenth thoracic segment reduces it for prolonged periods (one patient 
was studied for nine months) These observations, with those concein- 
ing the effect of section of the anterior spinal nerve loots on the 
aiterial blood pressure, suggest that the neivous system plays some 
pait in the genesis of hypertension 

Although the operation has maikedly improved the clinical condition 
of many of the patients studied foi periods up to two and one-half 
years, its ultimate value in the tieatment of hypertension has not been 
established 
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In a study of Recklinghausen’s neurofibromatosis, a system disease, 
one IS immediately impressed with (1) the lack of a known etiologic 
factor, (2) the appaient widespread differences of the various clinical 
types and (3) the lack of any known beneficial treatment Though a 
great numbei of isolated cases have been reported,^ there has been com- 
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paratively little attempt to weave together the many loose threads of this 
chnicopathologic sjndrome During the past thiee years thirty-one 
patients Avitli Recklinghausen’s neurofibromatosis have been observed 
In this report it is proposed to demonstrate examples of the multiple 
manifestations of the condition and to emphasize the influence of various 
physiologic factors and life experiences on the disease 

ETIOLOGY 

Though many theories have been advanced, the cause of Reckling- 
hausen’s neurofibromatosis is unknown The disease is not limited to 
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the white population but has been lepoited in the black, red and yellow 
races also It is said to be slightly inoie, common among males In 
many cases it is almost impossible to deteimme the age of the patient at 
the time of the onset of the disease Though cutaneous pigmentation 
and tumors may be present at birth, it seems more common for the pig- 
mentation to develop duiing early mfanc}^, with the insidious appeal ance 
of the tumors in later life As Thomson has pointed out, it is reason- 
able to assume that the disease has existed long before it can be recog- 
nized This fact IS especially true when one considers the distinct 
hereditaiy tendency of the disease Though it was long suspected, it 
was not until 1915 that Preiser and Davenport® in a study of one hun- 
dred and fifteen offspring of twenty patients found that 43 5 pei cent 
of the offspring were affected This at once suggested that the heiedi- 
tary factor in neui ofibromatosis is a dominant one They found that 
the disease tends to recur without a break in several generations, with 
little or no difference in the distribution as regard to the sex of the 
parent who transmitted the disease In addition, there seems to be a 
definite familial resemblance as to the type and location of the principal 
tumors, the tendency to produce similai pigmentation, the tendency to 
produce confluent tumors (elephantiasis) and, finally, the tendency for 
sarcomas to develop This familial resemblance of the distribution of 
the tumors is strikingly exemplified in Gardner and Frazier’s ^ report 
of a family in which theie were thirty-eight persons with deafness due 
to bilateral acoustic neurofibromas, fifteen of whom subsequently became 
blind Various associated congenital and developmental anomalies, such 
as cerebral meningocele, spina bifida, cranial defects and defects of the 
fingers and toes, are found with significant fiequency® Theie are 
occasional cases in which there is no apparent familial or hereditary 
history 

Intoxication, infection, mental distress and various external factors, 
such as exposure to cold, irritation and trauma, have all been suggested 
as possible causes of the disease It seems more probable that their 
influence, if any, is that of stimulation oi aggravation ® Such a stimu- 

2 Thomson, Alexis On Neuroma and Neurofibromatosis, Edinburgh, Turn- 
bull and Spears, 1900 
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Recklinghausen’s Disease) and Its Inheritance, with Description of a Case, Am J 
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4 Gardner, W J, and Frazier, C H Bilateral Acoustic Neurofibromas, 
Arch Neurol & Psychiat 23 266-302 (Feb ) 1930 

5 Knapp, A A Von Recklinghausen’s Disease, M Rec 139 62-64 (Jan 17) 
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6 Penfield, W , and Young, A W Nature of von Recklinghausen’s Disease 
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lative action on the course of the disease has been fiequently observed 
in puberty, pi egnancy and the menopause 

In attempting to find an explanation of the S3mdiome known as 
Recklinghausen’s neurofibromatosis, it is only natuial that certain 
observers have turned their attention to a possible endociinopathy ® The 
multiplicity of the various manifestations, the pigmentation of the skin 
and the osseous involvement all favor such a relationship In addition, 
a number of cases have been reported in which there was associated 
acromegaly and various other endocrine dysfunction Furthermore, 
the detrimental effect on Recklinghausen’s neurofibromatosis of such 
physiologic factors as puberty, menstruation, pregnancy and the meno- 
pause seem to point toward an endocrine influence Though early 
French and Italian authors endeavored to establish such a connection 
between Recklinghausen’s disease and glandular dysfunction, this 
hypothesis has only recently been mentioned in the English literature 
Levin,® in summarizing the different endocrine syndromes that were 
associated with Recklinghausen’s disease before 1921, included men- 
strual anomalies, incomplete and delayed sexual development, acromegaly, 
cretinism, myxedema, tetany and Addison’s syndrome He gave as his 
conclusion that the endocrine system, especially the adrenal glands, play 
the major role in the causation of neurofibromatosis His review of 
the necropsy examinations of the involved endocrine glands is interest- 
ing and suggestive but is far from conclusive Tucker impressed with 
the endocrine relationship, especially in regard to the pituitary gland, 
found acromegaloid manifestations in three of nine cases, while in two 
additional cases a large sella was noted on roentgen examination 
Barber and Shaw reported two cases of Recklinghausen’s disease 
associated with pituitary tumors It is of interest that Marie,’^® in his 
treatise on acromegaly published in 1891, included cutaneous tumors 
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of the face and neck, which he termed inolluscum fibrosum, as a part 
of the characteristic findings of the disease However, Atkinson in 
a recent study of seven hundred and sixty-eight reports of cases of 
acromegaly collected from the literature, found Recklinghausen’s disease 
present in only four cases 

In conti adistinction to the endocrine theoiy of the pi unary cause of 
Recklinghausen’s neurofibromatosis, Clark and Wakefield suggested 
the possibility that involvement of the endocrine system is a secondaiy 
complication of the disease and that the piimary pathologic involvement 
IS sympathetic or parasympathetic or both Schneideiman and 
Weber stated that since all othei organs may be involved in the dis- 
ease, so may the endocrine glands Gordon had a patient with an 
acromegaloid appeal ance who showed a normal sella and pituitary 
gland, while Gould had the opportunity of studying several cases m 
which there were changes of the osteomalacic type and observed no 
postmortem changes m either the pituitaiy gland or the parathyroid 
glands Gordon,^® in analyzing the literature, stated the conclusion that 
nothing definite has been advanced to prove that the endocrine glands 
act m themselves as an etiologic factor but that a common genetic factor 
IS responsible for both sets of symptoms What little oiganotherapy 
has been tried m this disease has had little or no effect on the cutaneous 
manifestations 

The theoiy of a congenital embryonal disturbance has often been 
advanced as a possible explanation of neui ofibromatosis Pende said 
he believed that two factors are necessary for the production of the 
disease ( 1 ) a hereditary constitutional factor, represented by an abnor- 
mal endocrine-sympathetic system, and (2) an accidental factor, such 
as shock, trauma, toxic poison or infection, which, through its effect on 
the endocrine-sympathetic system, acts as a stimulus to the embryonal 
elements Schneiderman suggested that there is “a physical, chemical 
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01 nutritional disturbance in the environment of the developing embryo 
at the stage when the ectoderm is forming the nervous system” and that 
this defect is “transmitted to the following generations according to the 
mendelian law ” Ewing expressed the belief that the undei lying fac- 
toi IS a disturbance in the relations between the fetal ectoderm and the 
tissues which it innervates, while Miller supported the hypothesis that 
neurofibromatosis is a manifestation of a congenital disturbance of the 
mesenchyme Yakovlev and Guthrie and more recently Schwarz and 
Abramson agreed that the disease is probably due to a congenital 
maldevelopment of organs of ectodeimal derivation but added to neuro- 
fibromatosis both tuberous sclerosis and angiomatosis of the biam, with 
nevi of the skin in the tiigeniinal area, as additional overlapping and 
parallel congenital malfoimations These they classed as congenital 
ectodermoses (neurocutaneous syndromes) 

CLINICAL TYPES 

There is considerable difficulty in attempting to define and diffeien- 
tiate the various clinical types of Recklinghausen’s neurofibromatosis 
W ith such widespread lesions affecting almost any part of the body and 
more especially the skin and nervous system, no two cases aie similar 
The term neurofibromatosis is misleading m that it lays undue emphasis 
on only one part of the clinical manifestations, viz , the cutaneous and 
subcutaneous tumois Though this is a common part of the syndrome. 
It IS usually present in the cases of more advanced and complete involve- 
ment Pigmentation of the skin, osseous changes and elephantiasic 
thickenings of soft tissues, alone or in combination, also are to be con- 
sidered characteristic features of the disease The term Reckling- 
hausen’s disease has been suggested as a more inclusive term than 
neurofibromatosis 

Incomplete Foi m — The irregulai patches of yellowish brown cafe 
au lait pigmentation ma} be the only manifestation of the disease 
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This nionosymptomatic foim, the so-called incomplete type, oi foime 
fiuste, IS usually found in a child with a parent or some other lelative 
who has the complete form of the disease The pigmentation is thought 
to be due to fibromatosis of the terminal filaments of the cutaneous 
nerves The pigmentation, Avliich is usually confined to the trunk and 
unexposed surfaces, may piecede by yeais the formation and appearance 
of the charactei istic cutaneous and subcutaneous nodules It is raiely 
symmetrical and does not follow the distiibution of any particulai neive 
01 nerves ^ The spots and patches of pigmentation usually increase m 
number and size with advancing yeais Pigmentation is said to be 
present m only 25 pei cent of the cases, but from our experience and 
from a suivey of the hteiature it seems that it is present m a much 
higher percentage of cases 

Neurofibi oinatost<: — The geneial character of the cutaneous and sub- 
cutaneous tumors of Recklinghausen’s disease are too well known to 
need further desciiption Their variability m location distribution and 
size IS well appieciated They may occur m the skin or subcutaneous 
tissues, the deep or superficial nerves, the sympathetic or parasympa- 
thetic nerves or the cranial or spinal nerves They ma)’’ be small or 
large, localized or diffuse, single or multiple Although they aie usu- 
ally painless, they may cause pain through pressuie on or mvolvemenr 
of the neive roots The size and number of the tumors may be pio- 
giessive or may remain stationaiv The growths larely i egress m size 
They are most commonly found on the trunk and are usually associated 
with cutaneous pigmentation When the lesions are confined to the skin 
the condition is termed molluscum fibrosum, but Weber warned that 
the presence of one or two small tumois is not at all lare m an otheiwise 
normal subject If the neurofibroma is confined to the distiibution of 
one or more contiguous nerves or a plexus of nerves, the term plexifoim 
neurofibroma has been applied 

Osseoiis Changes — At first considered an accidental association, 
skeletal deformity has now come to be regarded as an impoitant and 
chaiactenstic part of Recklinghausen’s disease”'^ This is not to be 
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confused with Recklinghausen’s hyperparathyi oidisin In 1921 Weiss"® 
called attention to the piesence of scoliosis in fifteen cases of neuro- 
fibromatosis, but it remained for Brooks and Lehman to describe and 
classify the various types of osseous changes pre'^ent in their seven 
cases These included (1) scoliosis, by far the most common, (2) 
abnoimahties of growth, most commonly associated with elephantiasis, 
and (3) subperiosteal C3'sts All the osseous changes have been 
explained by involvement of the bone by growth of the tumor The 
deformity may be noted first in early childhood Weber has recently 
substantiated this explanation Gould mentioned a fourth type of 
osseous change in describing findings similar to osteomalacia Lehman 
in a later paper again stressed the osseous changes as being of great 
diagnostic importance and added the cystic aieas m the skull, detected 
only by complete roentgenographic examination Pigmentation of the 
skin and osseous changes may occur in the absence of palpable or visible 
neurofibromatosis Twenty-three per cent of all the tumors of the 
spinal cord are neurofibromas, and a competent roentgenologist can 
directly localize the lesion in 42 per cent of the cases thiough altera- 
tions in the structure of the vertebrae and adjoining ribs and soft 
tissues Erosion of vertebral bone with compression myelitis has 
occurred It is emphasized that a complete roentgenographic examina- 
tion should be made in all cases of Recklinghausen’s disease 

Elephantiasis Neinoinatosa — This form of Recklinghausen’s neuro- 
fibromatosis usually occurs as a part of the more advanced stage of 
the disease and in general consists of a prominent diffuse overgrowth 
of the skin and subcutaneous tissue of the head, neck, trunk or extremity 
More than one third of the elephantiasic overgrowths originate in the 
temporal region They are more common in men and are nearly 
always unilateral They may result, either singly or in combination 
with general cutaneous manifestations, from a large molluscum fibrostim 
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30 Lehman, E P Recklinghausen’s Neurofibromatosis and the Skeleton A 
Plea for Complete Study of the Disease, Arch Dermat & Syph 14 178-187 
(Aug) 1926 

31 Schwarz and Abramson Leader and Grand 

32 Cam}% J D A Roentgenologic Study of Osseous Changes with NeuiO- 
fibromatosis of the Spinal Cord and Associated Nerves, Proc Staff Meet , Mayo 
Clin 8 329-341 (April 19) 1933 

33 Helmholz, H F, and Cushing, Harvey Elephantiasis Nervorum A 
Manifestation of ion Recklinghausen’s Disease, Am J M Sc 132 355-378 (Sept) 
1906 
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01 from a plexiform neuiofibioma” The tumor is often unsightly and 
horribly disfiguring and with an increase m size becomes pedunculated 
or pendulous The tumor may be either a lobular or a diffuse overgrowth 
The overlying skin is usually pigmented and may be eithei smooth 
01 , more commonly, hard and uneven 

In addition to these foui loosely knit and overlapping types of 
Recklinghausen’s disease, there are other clinical manifestations that 
have been reported m the literature with such significant regularity that 
they too must be included as a minor part of the symptom complex 

Deafness — Neuioma of the acoustic nerve is most commonly single 
and constitutes 7 3 per cent of all verified tumors of the brain A 
high percentage of the more lare bilateral tumors of the acoustic nerve 
are associated with Recklinghausen’s disease^® They oiiginate m the 
vestibular portion of the eighth nerve In 1930 Gardner and Frazier ^ 
found that a total of thirty-seven cases had been repoited m which such 
a tumor was associated with neurofibromatosis and seven others m 
which it was apparently unassociated with othei evidence of the disease 
The deafness may begin on one side, the usual age at onset varying 
from 20 to 35 yeais Piogiessive bilateral nerve deafness, progiessive 
lecession of vision, with choked disk, and other late signs of increasing 
intracranial pressuie are the usual procession of events unless an eaily 
diagnosis is made and neuiosuigical intervention is carried out 

Mental Defect — Imbecility, mental aberration and psychic distur- 
bances are integral parts of the complete picture of the disease 
Leader and Grand stated as their opinion that it is a result of an 
endocrine influence and that mental deficiency is not a common finding 
However, Charpentier found that 63 per cent of his patients showed 
mild psychic defects, with a tendency to depression Preiser and Daven- 
port ® found that 7 8 per cent of two hundred and forty-three patients 
were feebleminded (twenty times more than m the average population) 
Yakovlev and Guthiie gave as their opinion that congenital anomalies 
of the skin are relatively more common among epileptic patients than 
among persons with othei illnesses or among normal persons 

34 Cushing, Harvey Tumors of the Nervus Acusticus, Philadelphia, W B 
Saunders Company, 1917, pp 148 and 210 

35 (a) Symonds, C D Bilateral Eighth Nerve Tumors Associated with 
Multiple Neurofibromatosis, J Neurol & Psychopath 2 143-153 (Aug) 1921 
(b) Jacobsen, V C Fibroma of the Acoustic Nerve, Am J Path 1 259-272 
(May) 1927 

36 Gordon Yakovlev and Guthrie 23 

37 Charpentier, quoted by Bassoe, P , and Nuzum, F Report of a Case oi 
Central and Peripheral Neurofibromatosis, J Nerv & Ment Dis 42 785-796 
(Dec) 1915 
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PATHOLOGIC PICTURE 

Since ^ on Recklinghausen originally described the tumors as 
originating in the connective tissue ( 1882 ), controversy has centered 
about their development from mesodermal or ectodeimal tissue®'’’^ 
The result has been the use of such terms as multiple neuroma, peripheral 
glioma, schvannoma, penneunal fibroblastoma and multiple neurinoma 
m the pathologic desciiption 

In Virchow’s description the tumois of this disorder were classed 
as false neuiomas because of the lack of neive cells Thomson" in 
his description subdivided Virchow’s classification into solitary and 
multiple false neuromas In more lecent }^ears the tumois of the nerve 
sheaths have been said by Verocay,^® Masson and others to arise 
from cells of the sheath of Schwann and to be ectodermal m origin 
Penfield,^" on the basis of his own exhaustive studies and the work of 
Mallory,^® Rhoads and Van Wagenen,^^ stated the belief that the tumois 
of the nerve sheath are due to a reaction of the connective tissue 
Because the outstanding histologic characteristics are suggestive of such 
a reaction, he referred to the solitary tumor of the nerve sheath of the 
same type as a penneunal fibroblastoma and retained the common term 
for the multiple tumors — the neurofibroma of Recklinghausen’s disease 
Penfield has stated that the two types of tumor may be differentiated 
The presence of nerve fibers in the tumors show that one is dealing 
with a neurofibroma and not a penneunal fibroblastoma In the latter 
the nerve fibers of the parent neive will be found about the tumor m the 
capsule, not entering the tumor 

Histologically the neurofibromas of Recklinghausen show consider- 
able variation There is no typical pattern, as is the case in fibro- 

38 von Recklinghausen, F Ueber die multiplen Fibrome der Haut und ihre 
Beziehung zu den multiplen Neuromen, Festschrift, Rudolf Virchow, Berlin, A 
Hirschwald, 1882 

39 Virchow, R Die krankhaften Geschwulste, Berlin, A Hirschwald, 1863, 
p 3 

40 Verocay, J Zur Kenntnis der “Neurofibrome,” Beitr z path Anat 
u z allg Path 48 1, 1910 

41 Masson, P Recklinghausen’s Neurofibromatosis, Sensory Neuromas and 
Motor Neuromas, in Contributions to the Medical Sciences m Honor of Dr 
Emanuel Libman bj’- His Pupils, Friends and Colleagues, New York, International 
Press, 1932, vol 2, pp 793-802 

42 Penfield, Wilder (a.) Tumors of the Sheaths of the Nervous System, 
Arch Neurol & Psychiat 27 1298-1309 (June) 1932, (b) Cytology and Cellular 
Pathology of the Nervous System, New York, Paul B Hoeber, Inc , 1932, vol 3, 
sect 19 Penfield and Young® 

43 Mallory, F B The Type ot Cell of the So-Called Dural Endothelioma, 
J M Research 41 349, 1920 

44 Rhoads, C P , and Van Wagenen, W P Observations on the Histology 
of the Tumors of the Nervus Acusticus, Am J Path 4 145-152, 1928 
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blastemas, but jather a bizarre intermixture of the tumor fibers 
Occasionally areas are seen wheie there is a palisade arrangement, 
with the nuclei in long rows, a characteristic feature of the permeurial 
fibroblastoma Penfield^^'’ remarked that the appearance of permeurial 
fibroblastic giowth within the tumor is doubtless due to some type of 
irritation of the permeurial connective tissue 

The vaiiation in the pathologic picture has been remarkable in 
isolated cases Kernohan and Parker^® reported a most striking case 
of neurofibromatosis in which postmortem examination showed associated 
multiple meningioma and permeurial fibroblastoma The meningeal 
tumors showed all stages of activity from those almost entirely made 
of psammoma bodies to those with hyperchromatic and giant nuclei as 
well as mitotic figures A somewhat similar case with associated gliomas 
has been leported by Penfield^^*^ and Young 

Another inteiestmg chapter in the pathology of Recklinghausen's 
disease is that of sarcomatous change or malignant transformation The 
literature on this subject has been coveied by Hosoi m his report of two 
cases of multiple neuiofibromatosis m which malignant transformation 
developed He stated the belief that this sarcomatous develop- 
ment bears fuither evidence of the mesodermal origin of the neuro- 
fibroma 111 a lesume Hosoi stated that malignant transformation takes 
place in about 13 per cent of all cases of Recklinghausen’s disease 
With the development of sarcomatous changes there is metastasis in 
22 per cent It is rare for malignant changes to develop in more than 
two isolated tumors, although recently Miller described a case in 
which malignant degeneration of var 3 ung degree was present m almost 
all the seven laiger tumors studied He expressed the belief that the 
sarcomatous degeneration took place simultaneously m the seveial 
neurofibromas rathei than that the changes were metastatic 

PROGNOSIS AND TREATMENT 

Haibitz stated “The patients die with the disease and not fiom 
it ” Extensive neurofibromatosis may be unattended by any symp- 
toms, and unless theie is visible or palpable evidence of the disease, it 
may remain unsuspected and uniecogmzed until discovered at postmor- 
tem examination From the standpoint of clinical evolution, Schuhman 
and Terris discriminated (1) a stationary form, (2) a subacute foim, 
with exacerbations and i emissions of the giowth of tumors, (31 an 
acute form, with a rapid and striking development of generalized neuio- 
fibromatosis, and (4) a malignant form, with saicomatous degeneration 
of the tumors and metastasis Though for the most part the disease 

45 Kernohan and Parker, cited bv Mallory 

46 Hosoi, cited by Rhoads and Van Wagenen 



310 


ARCHIVES OF INTERNAL MEDICINE 


may be harmless, with advancing years various serious complications 
may occur and alter the otherwuse innocent couise of the disease It 
should be especially emphasized that the prognosis of an “incomplete” 
form of the disease in a ^oung subject presenting only pigmentation 
should be carefully guarded There may be such complications as cos- 
metic unsightliness, involvement of the cential nervous system, with 
resultant deafness, pain and mental deficiency, development of giowth 
abnormalities and skeletal defoimities resulting from osseous involve- 
ment , bizarre secondary endocrine manifestations, or, finally, ulceration, 
hemorrhage, infection oi malignant degeneration of tumoi growths 
In a middle-aged woman lepeated pregnancies may stimulate the growth 
of the cutaneous manifestations to a marked degree and thereby enhance 
a predisposition to serious complications Even for adult patients the 
prognosis should be guaided, as it has been found that m 72 per cent 
of the cases of malignant degeneration of benign neurofibroma to sar- 
coma the disease begins m the third, fouith or fifth, decade^* It is 
of interest to note that hemorrhage, spontaneous, following slight iniury 
oi occurring during the surgical lemoval of a tumoi has been reported 
as a complication in several instances It seems to concern especially 
the large elephantiasic types of tumor 

No beneficial treatment of Recklinghausen’s disease has been found 
Women with the “incomplete” form of the disease should be warned 
about the detrimental effect of pregnancy and the dominant mendelian 
hereditary tendency passed on to offspring As mentioned, organo- 
therapy IS practically useless The tumors are not affected by 
loentgen or radium theiapy Surgical excision may be resorted to if 
the tumors become too large, cause pain or interfere wnth activity 
Phillips,®” however, warned that these patients are poor surgical risks, 
as they are particularly susceptible to shock and profuse hemorrhage 
If surgical excision of a tumor is to be performed, it should be complete, 
as partial removal of a neurofibioma predisposes to malignant degenera- 
tion In some cases malignant transformation occurs after a single 
operation In other cases, even after repeated operations, no malignant 

47 Sharpe, J C , and Young, R H Neurofibromatosis The Effect of 
Pregnancy on the Skin Manifestations, TAMA 106 682-683 (Feb 29) 1936 

48 Carrington, G L, and Bullitt, J B Hemorrhage in a Case of von 
Recklinghausen’s Disease, TAMA 87 166-167 (July 17) 1926 Gordon 
ICnapp ® 

49 Heurer, G T , and Bell H G Hemorrhage and Infection of Large 
Tumors (Pachydermatoceles) of von Recklinghausen’s Disease, Ann Surg 94 
15-24 (July) 1931 

50 Phillips, H T , Fern, L B , and Morginson, W T Surgical Risk Accom- 
panying von Recklinghausen’s Disease, West Virginia M J 28 263-266 (June) 
1932 
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changes arise After surgical excision, recurrence of the tumor growth 
may be frequent , it is generally local or regional but may be followed 
by crops of multiple neurofibromas elsewheie 

REPORT OF CASES 

Case 1 — H W was a boy aged 15 His father, his grandfather, one aunt and 
one cousin had cutaneous manifestations of the disease The patient’s skin was 



Fig 1 — Neurofibromatosis, case 1 


clear at birth He began to walk at lj4 years of age, but two years later a decided 
limp developed Brownish pigmentation of the skin appeared when he was 7 
The different diseases of childhood had no effect on the pigmentation Progressive 
enlargement of the left leg, noted during childhood, increased markedly after he 
was 13 During the past two years there had been an increasing number of areas 
of pigmentation He had not been aware that any subcutaneous nodules were 
present until he was examined and a dozen small tumors were felt beneath the skin 
of the enlarged left leg Roentgenograms of the affected extremity showed a 
marked growth deformity of the bones, but no subperiosteal neurofibromas could be 
demonstrated (fig 1) 
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Case 2 — A W was a man aged 45, father of H W (case 1) His father, 
sister and son showed cutaneous manifestations of the disease His skin was clear 
at birth, but during infancy cafe au lait spots of pigmentation appeared A few 
nodules appeared on the skin of the back during puberty but had not mcreased in 
the last twenty years 

Case 3 — M J was a woman aged 42 Her three sisters and three daughters 
had the disease The entire trunk, arms and thighs were covered with irregular 
areas of brownish pigmentation with cutaneous and subcutaneous tumors of various 
sizes Her skin had been clear at birth, but pigmentation appeared shortly after- 
ward and persisted during the various diseases of childhood, puberty and four 
pregnancies The cutaneous tumors first appeared with the fifth pregnancy and 
increased with each of two successive pregnancies She had had partial unilateral 
deafness for six years Her three youngest children had the “incomplete” form of 
the disease 

Case 4 — E J was a girl aged 8, daughter of M J (case 3) Her mother and 
two younger sisters had cutaneous manifestations The pigmentation of the skin of 
the neck and body first appeared when she was 3 The usual diseases of childhood 
had no stimulative effect, and there were no palpable tumors 

Case 5 — J was a girl aged 6, daughter of M J (case 3) Her mother and 
two sisters had the disease Pigmentation of the body was noted shortly atter birth 
and had increased slightl}’’ thereafter No palpable tumors were present 

Case 6 — J was a girl aged 4, daughter of M J (case 3) Her mother and 
two sisters had the disease One or two rather large cafe au lait spots of pig- 
mentation appeared on the back during her first year of life 

Case 7 — B C was a woman aged 31 (fig 2) There was no family history of 
the disease When first pregnant, when 19, she noted the appearance of pig- 
mentation and many soft pedunculated tumors over the trunk During two miscar- 
riages and one other pregnancy there has been a definite increase in all the 
cutaneous manifestations One large painful tumor vras removed from the breast, 
and during the operation there was profuse bleeding The physician made a 
diagnosis of “nerve tumor ” The two living children had no cutaneous manifesta- 
tions of the disease 

Case 8 — D W was a girl aged 10 There was no family history of the 
disease The skin was clear at birth, but when she was 3 jears old a mass 
appeared in the left cheek and slowly increased to the size of an egg Palpation 
revealed several discrete painless tumors in the distribution of the left facial nerve 
After she was 5 years old several other tumors appeared in the skin of the trunk 
and scalp, accompanied with several small areas of brownish pigmentation on the 
back A biopsy showed the tumor of the cheek to be a neurofibroma The patient 
was defimtely mentally retarded and was two years behind children of her age at 
school 

Case 9 — M E was a woman aged 38 (fig 3) Her mother, maternal grand- 
father and two children had evidence of the disease She had had a few spots of 
pigmentation since childhood There seemed to be no stimulative effect from the 
usual diseases of childhood, an attack of pneumonia or puberty Since shortly 
after she learned to walk there had been progressive curvature of the spine Her 
first two pregnancies had no influence on the skin, but with each of the next 
four pregnancies cutaneous tumors appeared, with increased pigmentation There 
had been one miscarriage Her two youngest children, aged 10 and 3 years, had 
i^he “incomplete” form of the disease 
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Case 10 — J E was a girl aged 10, daughter of M E (case 9) Her mother, 
her grandmother and a sister had the disease Since the age of 2 years the patient 
had had a few spots of pigmentation on her arms and back, and for the past three 
years she had been aware of a mass in her right cheek which had steadily become 
larger 

Case 11 — G E was a girl aged 3, daughter of M E (case 9) Her mother, 
her grandmother and a sister had the disease There were several rather large 
areas of pigmentation of the skin on the back and upper part of the arms that had 



Fig 2 — Neurofibromatosis, case 7 


appeared first after birth There had been no recent change in the pigmentation 
or any sign of tumor formation 

Case 12 — E C was a woman aged 56 Her father and one daughter had 
the disease Except for a few so-called freckles over the trunk, the patient’s skin 
was clear before her marriage Accompanying her first and each of seven suc- 
cessive pregnancies, there appeared multiple cutaneous tumors, with an increase m 
pigmentation Moderate scoliosis developed She had been bedridden for one year 
because of pain m the left sciatic nerve One adult daughter had the complete 
form of the disease, and one son was heavily pigmented over the body 
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Case 13 — N C was a woman aged 24, daughter of G E (case 11) Her 
mother and grandfather had the disease Since she was a small child the patient 
had had multiple patches of pigmentation of the trunk When she was 9 j ears old 
a small cutaneous tumor developed at the base of the neck, and during puberty 
several more such tumors appeared Though married, she had not been pregnant 



Fig 3 — Neurofibromatosis, case 9 


Case 14 — A was a woman aged 34 Her mother, her brother and one son 
had the disease The skin had been perfectly clear until her first pregnancy, when 
she noted the sudden appearance of cutaneous pigmentation and tumor growth 
Following delivery there was a cessation of growth, which did not flare up with 
her second pregnancy A tumor in the cervical intervertebral foramina resulted 
n constant pain and scoliosis (fig 4) There was a nontoxic adenoma of the 
thyroid gland One of her two sons had the “incomplete” form of the disease 
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Case IS — F A was a boy aged 7, son of J A (case 14) His mother and 
grandmother had the disease The patient presented one large area of brown pig- 
mentation on the upper portion of one arm and several areas on the back The 
pigmentation had come on soon after birth, with no appreciable increase m the 
past few years (fig 5) 

Case 16 — S G was a man aged 21 There was no family history of the dis- 
ease At birth there were a few areas of light brown pigmentation distributed 
over the trunk During puberty there was a definite increase m the amount of 



Fig 4 — Tumor of the cervical intervertebral foramina, case 14 

pigmentation, and multiple cutaneous tumors appeared There had been no recent 
change m the skin 

Case 17 — G H was a woman aged 62 Three brothers, one sister and one 
daughter had the disease Her skin was clear when she was a child and up to the 
time of her marriage Though not certain, she believed that the cutaneous pig- 
mentation and the multiple cutaneous and subcutaneous tumors occurred with her 
first pregnancy and increased with each of four successive pregnancies There was 
a definite increase in all the cutaneous manifestations during the menopause 

Case 18— F C was a woman aged 23, daughter of G H (case 17) Her 
mother, one aunt and three uncles had the disease Since infancy she had had a 
number of pigmented areas over her trunk During childhood multiple cutaneous 
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tumors appeared over the head, neck and bodj The cutaneous changes increased 
with puberty and again during her first pregnancy, when she was 22 Her babj 's 
skin was clear at birth The patient presented also unilateral progressive deafness 

Case 19 — E M was a woman aged 66, sister of G H (case 17) One 
sister, three brothers and one son had the disease Her skin was clear m child- 
hood and until after her marriage With the first and each of seven successive 
pregnancies multiple cutaneous and subcutaneous tumors appeared about the head 
and neck The menopause had no effect on the cutaneous signs 

Case 20 — F M was a man aged 25, son of E M (case 19) His mother, an 
aunt and three uncles had the disease The skin had been clear until six jears 
previously, when a single large painless tumor suddenly appeared beneath the skin 
of the left forearm The trunk showed a large area of pigmentation, which had 
come on at approximately the same time 



Fig 5 — Neurofibromatosis, case 15 

Case 21 — S H was a man aged 64, brother of G H and E M (cases 17 
and 19) Two sisters and two brothers had the disease The patient believed he 
had a few cutaneous tumors at birth, with no increase until the age of puberty, 
when he became literally covered with the irregular-sized nodules, even over the 
scalp and palms A moderate degree of scoliosis was present Surprisingly enough, 
there has been little or no change in the size or number of tumors for fifty j^ears 
(% 6 ) 

Case 22 — J H was a man aged 61, brother of S H (case 21) Two sisters 
and two brothers had the disease Multiple cutaneous tumors had appeared on both 
arms and a few on the trunk “years ago,” with no known change for “a long time ” 

Case 23 — A H , a woman aged 24, knew of no family history of the disease 
Her skin had been clear until puberty, when generalized small cutaneous and 
subcutaneous tumors and cafe au lait pigmentation appeared A large plexiform 
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neurofibroma formed m the left cheek and encroached on the external auditory 
canal so that hearing was impaired This tumor was partially removed, a biopsy 
disclosing that it was a “neurofibroma” In addition, a nontoxic adenoma of the 
thyroid gland w'as removed Though the patient had experienced three pregnancies, 
the last was the only one to cause any noticeable increase m the size and number 



Fig 6 — Generalized neurofibromatosis, case 21 


of the cutaneous tumors None of this patient’s children had any evidence of the 
disease 

Case 24 — F S , a woman aged 22, knew of no family history of the disease 
There had been no evidence of the disease until after an attack of scarlet fever 
when she was 19, at which time there was a sudden occurrence of generalized 
neurofibromatosis, with the formation of a large plexiform neurofibroma on the 
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left side of the face (fig 7) Partial deafness resulted from this overgrowth of 
tissue Later the growth was removed 

Case 25 — B F was a woman aged 22 One sister and a son had the disease 
The patient’s skin was clear at birth, but pigmentation appeared during infancy 
After “malarial fe\'er” when she was 9, a few cutaneous tumors appeared on the 
body Puberty apparently had no appreciable effect on the disease With each 
of three pregnancies there was a definite increase in all the cutaneous manifesta- 
tions Her oldest boy, aged 4 years, had the “incomplete” form of the disease 

Case 26 — G F was a boy aged 4, son of B F (case 25) His mother and 
aunt had the disease Several large areas of pigmentation were first noted when 
he was 1 year old No palpable tumor was present 



Fig 7 — Neurofibromatosis, case 24 


Case 27 — G O , a man aged 36, knew of no family history of the disease 
Curvature of the spine was first noted when he was 3, and at about the same time 
two or three irregular areas of brownish pigmentation were apparent on the trunk 
During puberty a large painless mass appeared below the angle of the right jaw 
No new tumor had appeared in the last twenty 3 'ears 

Case 28 — B R was a woman aged 28 Her father had the disease Multiple 
areas of cutaneous pigmentation had been noted since infancy Also during this 
time beginning scoliosis was noted, which became extreme with advancing years 
Numerous diseases of childhood had no apparent effect, but the onset of menstrua- 
tion at the age of 19 caused the appearance of a few cutaneous tumors With each 
of two pregnancies, both ending in miscarriage, there was a marked increase m the 
number of tumors until the trunk was almost covered 

Case 29 — F R was a man aged 52, father of B R (case 28) He had a 
doubtful family history of the disease, although his daughter had advanced 
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neurofibromatosis His skin was clear when he was a child, but after the age 
of 14 a large deforming tumor of the gluteal region and several small tumors 
about the face and neck developed No new tumors or increase m the size of the 
present tumors had been noted for the past twenty-five years 

Case 30 — C C, a single woman aged 33, knew of no family history of the 
disease The skin was clear at birth, but when she was 2 years old a tumor of 
the eye appeared When she was 3 the eye was enucleated Multiple cutaneous 
tumors appeared when she was 12, and increased m number during a pregnancy 
when she was 31 When 33 she had a tumor about the orbit operated on, but the 
operation was unsuccessful because of excessive hemorrhage After each of three 



Fig 8 — Tumor about the orbit, case 30 


operations there was growth of the mass (fig 8) The tumor was finally suc- 
cessfully removed by electrocautery Subsequently sarcomatous (?) metastasis to 
the lungs developed, and two years later the patient died No autops}’- was made 

Case 31 — F W , a farmer aged 26, knew of no family historv of the disease 
Tumors of the feet were first noticed when he was 11, and as they became enlarged 
there was local pain over a period of six years There were three attempts at 
operative removal of the painful tumors Since the first appearance there has 
been a steady growth of the tumors and an increase in their number From the 
time of the first appearance of a tumor about two years passed before it would 
become painful The neural status was normal 
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COMMENT 

Though this papei pieseiits one of the laigest senes of cases 
reported, the number is too small to allow any definite conclusive state- 
ments relatne to the etiolog}'', the occurrence of diffeient clinical types 
and the possible complications of the disease However, our figures 
seem to be in close harmon}'- with those foi the larger groups of case 
repoits collected from the literature and should at least seive as a fair 
guide in a clinical study Of our thirty-one patients, eleven weie males 
and twent} females The ages vaiied from 3 to 66 years A family 
history of the disease ^\as obtained in 74 per cent of the cases The 
changes in the skin, neives and bones are summarized in table 1 For 
the most part, both pigmentation and cutaneous tumois weie piesent 
at the time of oui examination, although seven patients, all less than 

Table 1 — Types of Clinical Cases 


Number of Cases 


Pigmentation alone 7 

Pigmentation and tumors 2i 

Tumors 

Generalized 17 

PleMform 7 

Osseous changes 

Vertebral 6 

Long bones 1 

Elephantiasis 2 

Complications 

Deafness * 5 

Mental disorder 1 

Pam 1 

Hemorrhage 3 

Malignant growth 1 


10 years of age, piesented only the “incomplete” pigmentaiy changes 
In all the cases of our series various degrees of pigmentation were noted 
The tumors were most commonly generalized, distributed OA^'er the trunk 
and extremities, but seven patients showed the large localized type of 
plexiform neurofibromas Evidence of intiacianial imolvement was 
suggested in tvo cases of progressive unilateral deafness, iiheieas in 
three other cases deafness was due to encroachmert on the external 
auditory canal by a large plexiform neurofibroma of the face There 
were two cases of mental retardation As a result of tumor giowth, 
pain was the presenting feature in four cases Osseous changes ivere 
noted in seven patients, six having a moderate or sei'^eie degiee of 
scoliosis and the remaining patient presenting an osseous defoimity of 
the lower extremity associated with elephantiasic overgrowth of tissue 
Elephantiasis nervorum also was present to an extreme degree in one 
other case Other associated congenital abnormalities were conspicu- 
ously absent 
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On inspection of the reports ^vlth regaid to the type of clinical mani- 
festations which were present during the different age groups, it is of 
interest and importance that the youngest patients showed only pigmen- 
tation of the skin, while the oldei patients showed cutaneous and suD- 
cutaneous tumors and, subsequently, the moie seiious osseous and 
elephantiasic changes (table 2) On critical analysis of the histones 
^\lth respect to the age of the patient at the time of onset and the 
possible factors influencing exacei bations of the disease, it is significant 
that m the majority of cases pigmentation began m early infancy and 
increased during puberty and pregnancy (table 3) In a few cases the 


Tabli:*2 — Tyi>cs of the Disease at Different Ages 





Tumors 




Number of 

Pigmen 

i 

\ 

Osseous 

Elephan 

Ate, Tears 

Cases 
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General 

Loeal 

Changes 

tiasis 

1 10 

8 

8 

1 

2 



11 20 

1 

1 

1 


1 

1 

21 30 

S 

8 

7 

3 

1 


31 10 

5 

3 

4 

1 

3 

1 
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2 

f> 
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51 00 

3 

3 

2 

1 
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1 

4 
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T^ble 3 — Clinical Types of the Disease at D’ffeient Peiiods of Life 



Pigmentation 

A 

Tumors 

— A 

Osseous Changes 
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/ 
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E'yacer- 

t 
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clinical appearance of tumors was noted during infancy and childhood, 
but most commonly the tumors became evident during puberty and dur- 
ing pregnancy In most of our cases the osseous changes began during 
infancy In two cases diseases of childhood and the later more serious 
illnesses apparently had some slight stimulative effect on the course of 
the disease Occupation, environment and mental stress had no definite 
connection with the clinical signs The surgical removal of small tumors 
for biopsy and of the larger ones eithei for the relief of pain or for 
the cosmetic effect was not followed by any unusual growth phenomena 
Howevei, one patient who was operated on subsequently showed malig- 
nant degeneration and died of metastatic sarcoma Severe operative 
hemorrhage occurred m three cases 

Because of the endocrine theory of the etiology of this disease, a 
survey of the series for related endoennopathy was made Though 
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menstrual irregularities were fairly frequent and the incidence of mis- 
carriages seemingly was large, no adequate explanation could be found 
to account for them The menopause was apparently associated with 
an increase m the cutaneous changes m one case Pregnancy occurred 
fifty times among eleven women, and thirty-six of these pregnancies 
(72 per cent) caused either the onset or an exacerbation of the disease 
(table 4) With the exception of three patients, all women in whom 
a nontoxic adenoma of the thyroid gland was discoveied, no other endo- 
crine dysfunction was noted In addition to a careful history and 
physical examination m all cases, a more complete study of the endo- 
crine system was possible in six cases The height, weight, blood pres- 
sure, roentgenograms of the bones and sella turcica, basal metabolic rate, 
dextrose tolerance and calcium and phosphorus content of the blood 
were studied In every instance they were found to be within normal 


Table 4 — Effect of Prepnancy 



Hereditary 

Congenital 

Mamed women 

9 

2 

Number of pregnancies 

43 

7 

Number of miscarriages 

9 

3 

Pregnancies causing onset of exacerbation 

82 

4 

Number of children of such pregnancies 

30 

4 

Number of children with clinical signs 

11 

0 

Number of children without clinical signs 

19 

4 

Pregnancies not causing onset of exacerbation 

0 

2 

Number of children of such pregnancies 

4 

0 

Number of children with clinical signs 

0 

0 

Number of children without clinical signs 

4 

0 


limits Except for the pigmentation of the skin, we have not been 
impressed with any clinical similarity between Recklinghausen’s disease 
and Addison’s syndrome We have observed two patients with acro- 
megaly, both of whom had numerous skin tags, sebaceous cysts and soft 
fibromas about the head and neck and who might have been accidentally 
included in this series had not biopsy of the skin been made One case 
of myxedema in which there were similar cutaneous changes also was 
excluded 

One of the most outstanding features m the study of our cases was 
the progressive, changeable course of the disease with the advance of 
years The characteristic nosologic concept of this disease has been a 
static picture of a variety of pathologic changes in the skin, nerves and 
bones, but our experience has led us to formulate a dynamic presentation 
of the disorder which stresses the influence of various life experiences 
and physiologic factors on the natural history of the disease, including 
such factors as heredity, birth, infancy, childhood, adolescence and 
pregnancy The clinical manifestations of the disease during midlife 
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present a vastly diffeient pictuie from those during childhood when 
there may be only a few cafe au lait spots of pigmentation on the back 
As previously pointed out, the wide variations of clinical types m Reck- 
linghausen’s disease is well recognized, but that a varying progression 
of the disease may occur in the subject as a result of the influence of 
different physiologic factors has not been sufficiently emphasized The 
progressive changes in the clinical course may be exemplified by the 
following hypothetic case At the age of 3 years a child is brought to 
a pediatrician because of multiple areas of cutaneous pigmentation, at 
the age of 7 she is taken to an orthopedist because of beginning scolio- 
sis, at 15 she may notice the appearance of a few soft, painless, 
cutaneous and subcutaneous tumors and may seek the advice of a derma- 
tologist, and during the early twenties she may ask her obstetrician why 
the pigmentation and cutaneous tumors become more numerous and 
prominent during pregnancy At the age of 30 she may be referied to 
an otologist, who makes a diagnosis of progressive nerve deafness and 
sends her to a neurosurgeon for removal of the bilateral tumors of the 
acoustic nerve A few years later, because of constant pain in the left 
thigh, she may consult a neurologist, who will find involvement of the 
sciatic nerve Later, an internist may advise surgical removal of a 
large pendulous tumor of the breast, which has undergone malignant 
degeneration Thus, the patient reaches the pathologist’s postmortem 
table At any time during the entire life of such a patient some special- 
ist might give a diagnosis of neurofibromatosis without truly appreci- 
ating the complete evolution of the disease 

The question naturally arises What common factor or factors aie 
present during the different age peiiods that cause such stephke exacer- 
bations and so influence the course of the disease^ From a study of 
our patients we suggest that from an etiologic standpoint a division of 
the patients into two groups is possible (1) patients without any family 
history of the disease, who, at least in our experience, do not pass the 
disease on to their offspring — patients with the so-called congenital type 
— and (2) the larger group of patients who show a family history of 
the disease and who tend to pass the inheritance on to their 
children — patients with the so-called inherited type The affected 
offspring of patients with the inherited type of disease may or may not 
present evidence of the disease at birth, but a latent tissue abnor- 
mality IS present nevertheless On the other hand, m patients 
without a family histoiy of the disease, it is conceivable that 
for some unknown reason there is a congenital maldeA^elopment of 
some mesodermal tissue m utero which may be clinically manifest at 
birth or may he as a dormant embryonic arrest for a number of years 
Whether the condition is inherited or congenital in origin, its potential 
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possibilities are the same Its embi3fon]c character is subject to the 
stimulation of growth activity thiough infancy, childhood and puberU, 
just as all other normal tissue is influenced during these periods If the 
clinical signs are present at birth, they may continue to increase during 
the first two decades of life, or, if absent, they may become aoparent 
for the first time during this peiiod In our group of men and non- 
pregnant women between 20 and 25 years of age, few new tumois weie 
noted, and in some instances there seemed to be a cessation of the 
growth of the nodules In the occasional case after this age, the oldei 
and larger tumors continue to grow slowly It seems possible, theie- 
fore, that two factors may be necessary for the production of this dis- 
ease (1) primary maldevelopment of mesodermal tissue, which may 
be either inherited or congenital in origin, and (2) a secondary quantita- 
tive response of this abnormal tissue to the normal physiologic giowth 
stimulus that is supplied during the first two decades of life 

If this hypothesis is coriect, how can one explain the exacerbations 
of the disease during pregnancy? It might be reasonable to suppose 
that in any case of Recklinghausen’s disease of either the inherited or 
the congenital type the latent embryonic arrests in the mother are power- 
fully stimulated by the growing fetal tissue and that a clinical flare-up 
of the disease is noted This exacerbation of the cutaneous manifesta- 
tions may not occur during the first or even the second pregnancy but 
may be noted during the third or fourth pregnancy It appears, how- 
ever, that once an exacerbation occurs during pregnancy, with each suc- 
ceeding pregnancy there will be a similar response Emge stated as 
his conclusion that “neoplastic tissue sensitive to hormonal stimuli may 
exhibit increased activity during pregnancy,” and though a dermoid 
cyst ordinarily does not enlarge with pregnancy, a cystic teratoma may, 
at times, enlarge rapidly He pointed out further the well knoyn fact 
that a benign adenoma of the bieast lesponds to the stimulus of pieg- 
nancy m the same ratio as does normal mammary tissue and that the 
activating factor must necessarily be hormonal in origin It is not 
surprising, therefore, that carcinoma of the breast is unfavorably influ- 
enced by pregnancy One interesting and perhaps significant fact 
revealed by our series is that pregnancy caused an exacerbation in the 
cutaneous manifestations in appi oximately 72 per cent of the cases of 
inherited Recklinghausen’s disease and that in over one third of the 
children of these particular pregnancies the disease has developed As 
the children grow older we expect more of them to show clinical mani- 
festations of involvement On the other hand, when the pregnancy did 
not cause the onset or an exacerbation we have not yet noted develop- 

51 Emge, L A Influence of Pregnancv on Tumor Growth, Am J Obst S. 
Gynec 28 682-697 (Nov) 1934 
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ment of the disease in the offspring It is also pertinent to point out that 
none of the children of paients who carry the congenital type of disease 
show any clinical evidence of pigmentation or tumoi giowth 

That pregnancy may influence the couise of Recklinghausen’s disease 
IS of consideiable importance in considering the piognosis and treatment 
Each additional pregnancy adds to the possibility of exacerbation and 
spread of the various tumoi growths, which, m tuin, may lead to more 
serious complications, such as involvement of the central nervous sys- 
tem, osseous changes, disfigui ement oi malignant degeneration The 
chances of such complications aie higher with the advance of years and 
repeated piegnancies, so that the prognosis for young persons should 
be guarded After expeiiencing alarming changes in the skin seveial 
of oui patients have lequested sterilization ObseiMiig the same tell- 
tale brownish pigmentation of the skin in their childien that they them- 
selves once had, they have insisted that no fuithei pregnancies be 
permitted If any part of neurofibromatosis can be prevented, it seems 
that pregnane}^ offers the mam hope of contiol In cases of inherited 
neurofibi omatosis the disease is usually made woise by piegnancy, and 
there is a 50 per cent chance that the disease will develop in the 
offspring In the case of males with a family history of the disease 
the same holds true for then offspring Though pregnancy will cause 
an exacerbation of the disease in a woman with the congenital type of 
neurofibi omatosis, the disease does not and theoretically should not 
develop in the childien 

SUMMARY 

A review of the hteiatuie on Recklinghausen’s disease reveals a 
variety of etiologic factors, a tendency to classify the features of the 
disease into clinical types, the controversy as to whethei the tumors are 
mesodermal or ectodermal m origin and the uttei lack of any successful 
ti eatment 

A study of our thirty-one cases of Recklinghausen’s disease fails to 
leveal any new clinical features or remarkable combinations of previ- 
ously desciibed manifestations However, from this study ceitain con- 
clusions have emerged It is suggested that from a congenital or 
inherited mesodermal abnoimality an embiyonic tissue arrest is formea, 
which at birth or duimg infancy, childhood, puberty or pregnancy may 
become clinically manifest, depending on its response to the stimulation 
of the normal physiologic growth factor This reaction to the influence 
of physiologic factors and life experiences leads to the progressive and 
changeable course of the disease The clinical features that any par- 
ticular patient may piesent will be dependent on his age, the congenital 
factors and his individual sensitivity to stimulating influences 
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Of all the influences studied in the thirt^-one cases, piegnancy pro- 
duced the most stimulative eflfect in the piogressive course of the disease 
This effect has been mentioned m the past, but its diamatic nature has 
not been fully appreciated In this disease, which is in a large per- 
centage of cases hereditary and which is without beneficial tieatment. 
It seems that a^oldance of pregnancy affords the chief opportunity foi 
control and aiiest 

It IS hoped that furthei attention to the histoiy of the disease during 
the life of affected subjects, rather than a consideration of the more 
classic, static, nosologic cross-section of the disease that the patients 
present at any life period, will be productive of a more helpful man- 
agement 

CONCLUSIONS 

A review of thirty-one cases of Recklinghausen’s disease has been 
presented with reference to the clinical manifestations at different life 
periods 

Recklinghausen’s disease is caused by a reaction of mesodeimal 
tissue that presents a variable picture, with changes over a peiiod of 
years resulting from the influence of various life experiences and physio- 
logic giowth factors 

Pregnancy is the most potent factor m stimulating the piogiessive 
course of the disease The avoidance of pregnancy seems to offer the 
greatest opportunity for the arrest of the progressive course and control 
of the disease 

Drs H F Tj'ler, C C Tomlinson, O J Cameron, J M Christlieb and J R 
Redgwick permitted us to examine their patients 

ABSTRACT OF DISCUSSION 

Dr W M Ketcham, Kansas City, Mo Neurofibroitias are simple tumors 
which occur in connection with superficial or deep nerves They grow from the 
perineurium and endoneunum and as they increase in size the nerve fibers become 
expanded over or buried m them The tumors may be rounded and either hard 
or soft and are frequently multiple Function is not necessarily affected by them 

Neurofibromas are divided into two groups — central and peripheral Central 
neurofibromas occur commonly within the skull, particularly m relation to the root 
of the eighth ner\e, and are known as neurofibromas of the acoustic nerve The 
fibromas of the skm and deep tissues of the limbs are of this type The tumors 
arise from the motor and sensory nerves rather than from the sympathetic fibers 

The authors suggest the etiologic classification — congenital and hereditary 
tumors 

Cutaneous neurofibromas may be single or multiple The condition known as 
neurofibromatosis, molluscum fibrosum or Recklinghausen’s disease is characterized 
by multiple neurofibromas, with localized distribution to single nerve trunks or to 
the whole bod}' 
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Larger tumors frequently have pedicles and become pendulous Thickening 
and pigmentation of the overlying skin develop, and occasionally there is softening 
or maldevelopment of the bones Cerebral tumors are rare Slowly progressive 
but essentially benign, the tumors may be removed without recurrence 

The authors show that the physiologic epochs of mfancjq childhood and espe- 
cially adolescence and pregnancy exert a great influence in changing the charac- 
teristics of this disease Pregnancy is the greatest factor Neurofibromatosis, 
however, is present in men also, so that if there is an endocrine growth-stimulating 
factor, it must be one factor or a combination of factors peculiar to both sexes 
As a rule, pregnancy increases the basal metabolic rate from 10 to 20 per cent 
plus, so that normal readings indicate a relative deficiency During pregnane} 
the cellular activity is increased and may definitely influence the frequent activation 
and growth of neurofibromas Theoretically there should be an increase m the 
secretion of the eosinophilic cells of the anterior pituitary gland during pregnancy, 
so as to account for the remarkable stimulation to the tissue of the growing fetus 
I suggest trying combinations of thyroid, solution of adrenal cortex and a prepa- 
ration of the anterior lobe of the pituitary gland containing the growth-stimulating 
hormone if there are any evident changes after a year’s observation The most 
important hormone should be the growth-stimulating principle inherent in the 
antenor lobe of the pituitary gland, because the periods of the greatest growth of 
neurofibromas are during adolescence and pregnancy 

Dr J J Eller, New York Most dermatologists feel that this disease is 
hereditary, even though at times it is difficult to bring out in the history that a 
parent or grandparent showed signs of the disease I have reported on a few 
cases in which certain members of a family had distinct and well developed neuro- 
fibromatosis and other members in the third or fourth decade of life showed only 
slight but typical pigmentation of Recklinghausen's disease, in other words, abortive 
forms 

This particular type of the disease is of interest to physicians for the following 
reasons Some of these patients appear with vague muscular or osseous pains or 
some aural disturbance of vague etiology or even an ocular disturbance Perhaps, 
with further study, it would be found that there was a family history of Reck- 
linghausen’s disease of the abortive type 

No local destruction that I know of — ^and mv colleagues and I have experi- 
mented with various types of removal by surgical measures and coagulation — m 
any way affects the tumors They always recur No glandular therapy that is 
known today has in any way affected the course of this condition I agree with 
Drs Sharpe and Young that sterilization is the one hope, in order to prevent not 
only exacerbations of the disease in women but also the bringing forth of children 
who would suffer from this serious malady 

Regarding the mental changes about which so much is said in the literature, 
I consider that mental aberration is a rarity rather than the rule 

Dr Richard H Young, Omaha Dr Ketcham brought out the fact that 
there was also the cranial type of neurofibromatosis In discussing that point it 
IS well to mention that the ordinary tumor of the eighth nerve is a solitary tumor 
and of a different type histologically It has been called by Penfield a permeurial 
fibroblastoma Of course, neurofibroma of the eighth nerve does occur m this 
disease 

In reference to the effect of pregnancy, it was of interest to us that in our 
male patients we saw practically no exacerbation or increase in the size or in the 
number of the tumors after the period of adolescence 
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I wish to emphasize the fact that we have been chiefly interested in the natural 
history of this disease and the dynamic factor that influences the course We have 
been interested also m the clinical types or cross-section view of the disorder as it 
appears at the different periods of life The chief exciting factors seem to be the 
physiologic changes of infancy, puberty and pregnancy, and of these, pregnancy 
has been the least appreciated and yet, in our series, provoked the most dramatic 
changes 

In this disease, for which there is no specific treatment, it seems to us the 
avoidance of the possible stimulating factors offers the chief opportunity for 
control 
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I DISEASES OF METABOLISM 
By Dr Wilder 

DIABETES MELLITUS - 

Piotamine Insulin — The discovery of Hagedorn ^ that protamines 
will combine loosely with insulin, giving flocculant precipitates that are 
lelatively insoluble m the fluids of the tissues, whereby prolonged hypo- 
glycemic effects are obtained, has received much attention during this 
past year All the American and Canadian manufacturers of insulin, 
cooperating with the Insulin Committee of Toronto, have undertaken 
the manufacture of such preparations A large number of clinicians 
have been supplied with material for trial, and several thousand patients 
have already received treatment with the new compounds 

The reports of clinicians that have appeared are those of Hagedorn,^ 
Krarup,^ Root,^ Lawrence,^ Leyton,® Ken,® Sprague,'^ Rabmowitch,® 

From the Division of Medicine, the Mayo Clinic 

The section on “Nutrition” will be published in the March issue of this 
journal 

1 Hagedorn, H C , Jensen, B Norman, Krarup, N B, and Wodstrup, I 
Protamine Insulinate, JAMA 106 177-180 (Jan 18) 1936 

2 Krarup, N B Clinical Investigations into the Action of Protamme- 
Insuhn, Copenhagen, G E C Gad, 1935 

3 Root, H F , White, Priscilla, Marble, Alexander, and Stotz, E H Clini- 
cal Experience with Protamine Insulinate, JAMA 106 180-183 (Jan 18) 
1936 

4 Lawrence, R D , and Archer, Nora Some Experiments with Protamine 
Insulinate, Brit M J 1 747-749 (April 11) 1936 

5 Leyton, O Protamine Insulinate, Brit M J 1 443 (Feb 29) 1936 

6 Kerr, R B , Best, C H , Campbell, W R, and Fletcher, A A Pro- 
tamine Insulin, Canad M A J 34 400-401 (April) 1936 


(Footnotes conUnucd on next page) 
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Winnett,® Joslin/® Black/^ Bowcock/- Smith and Allen “ and the 
associates of these workers The verdict on the whole is highly favor- 
able and almost unanimous Fewer injections and, m most cases, a 
smaller number of units are required to maintain a satisfactory level 
of sugar in the blood The reactions are fewer and less seveie, and 
the general health of the patient frequently is impioved These are 
important advantages However, apprehension is expressed by many 
that widespread use of the new preparation, involving as it does a 
technic which differs in important particulars from that required for 
giving regular insulin, will result in many serious accidents It is highly 
important, therefore, that physicians acquaint themselves with what 
now has been published about protamine insulin before prescribing it 

As originally distributed, protamine insulin was supplied in two 
vials, one containing 4 cc of U 50 water-soluble insulin, the other 1 cc 
of a suitably buffered solution of protamine The directions stated that 
the contents of the two vials were to be combined shortly before using 
The resulting precipitate was stable only for a limited number of days 
Later, it was found that the addition of traces of zinc, 0 2 mg per 
hundred units of insulin, imparts stability to the precipitate and, there- 
fore, recently the material for distribution has been supplied already 
mixed in one vial Hereafter in this paper, unless otheiwise stated, 
protamine insulin with zinc added in this proportion will be meant 
whenever the term protamine insulin is employed It is expected that 

7 Sprague, R G , Blum, B B , Osterberg, A E , Kepler, E J , and Wilder, 
R M Clinical Observations with Insulin Protamine Compounds, JAMA 
106 1701-1705 (May 16) 1936 Wilder, R M The New Insulin, Minnesota 
Med 20 6-15 (Jan ) 1937 

8 (o)) Rabinowitch, I M , Fowler, A F, and Corcoran, A C Observations 

on the Action of Protamine and Insulin in the Treatment of Diabetes Melhtus, 
Canad M A J 35 124-129 (Aug ) 1936 (&) Rabinowitch, I M , Foster, J S , 

Fowler, A F , and Corcoran, A C Clinical Experiences with Protamme-Zinc- 
Insuhn and Other Mixtures of Zinc and Insulin in Diabetes Melhtus, ibid 35 239- 
252 (Sept) 1936 

9 Winnett, E B The Treatment of Diabetes with Protamine Insulin, J 
Iowa M Soc 26 231-237 (May) 1936 

10 Joslin, E P , Root, H F , Marble, Alexander, White, Priscilla, Joslin, 
A P , and Lynch, GW (a) Protamine Insulin, New England J Med 214 
1079-1085 (May 28) , (b) Protamine Insulin, Tr A Am Ph 3 rsicians 51 174- 
187 1936 

11 Black, D R Protamine Insulin, J Missouri M A 33 212-215 (June) 
1936 

12 Bowcock, Harold Observations on the Treatment of Diabetes with Pro- 
tamine Insulin in Office and Hospital, South M J 29 701-704 (July) 1936 

13 Smith, B Clinical Studies with Protamine-Insuhn, California & West 
Med 45 144-148 (Aug) 1936 

14 Allen, F M Some Difficulties Arising in the Use of Protamine Insulmate, 
JAMA 107 430-431 (Aug 8) 1936 
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the product will be placed on the market shortly aftei Jan 1, 1937, 
and that the cost to the patient will not exceed that of treatment with 
regular insulin 

Some objection was laised to the addition of zinc, and foi a time 
calcium was used It improved the stability of the precipitate but not 
so satisfactoiily as zinc, it failed also to prolong the time of action 
and foi these reasons was abandoned As a matter of fact, fear of the 
long-continued use of zinc in such minute doses is unjustified Zinc 
commonly is present in the panel eas in considerable amount, and insulin 
always has contained tiaces of zinc (from 0 05 or less to 0 1 mg or 
more pei thousand units) Rabinowitch and his associates have 
attended to this question They have pointed out that zinc does not 
accumulate in the blood of workers who for yeais have been exposed 
to its fumes and, furtheimoie, that zinc has been added to the lations 
of animals (lats) observed thiough thiee generations without produc- 
ing deleteiious effects of any kind 

Duration of Action The length of time duiing which an effect 
can be maintained by a single injection of piotamine insulin seems 
to be much greater in man than m animals It is commonly supposed 
that this IS accounted for by the laiger size of the dose given The 
duration of the action is influenced by the size of the dose and by the 
amount of sugai to be metabolized The injection of a number of units 
inadequate for maintenance may reveal little evidence of any piolonga- 
tion of action (Lawience and Archer^), and even a maintenance dose 
wull act foi a shoitei time when given with food than when food 
IS withheld The following studies are cited in illustration 

A patient with severe diabetes was fed at two hour intervals with a mixmie 
of milk, cream and syrup, each feeding representing one twelfth of what previously 
had been the daily allowance of carbohydrate, protein and fat Under these cir- 
cumstances the activity of a laige dose (132 units) of protamine insulin containing 
calcium (1 mg per hundred units) was exhausted by the end of twenty-four hours 
The sugar content by that time had reached the original value, and sugar was 
appearing in the urine At the end of twenty-eight hours acetone was present in 
the urine, and the balance for nitrogen had become negative At the end of thirty- 
six hours the carbohydrate-combining power of the plasma had fallen to 32 4 
volumes per cent, and the patient exhibited the signs and symptoms of diabetic 
acidosis (fig 1) There thus was no reason to believe that the insulin injected was 
acting after thirty-six hours 

A second patient with diabetes as severe as this was given 70 units of plain 
protamine insulin and thereafter no food for fifty-seven hours The sugar value 

15 The subject of the first study had not received protamine insulin previously 
and had been taking daily 88 units of regular insulin in four divided doses For 
reasons which will be given later it was assumed that not more than two thirds of 
the protamine insulin administered would come into play within the first twenty-four 
hours, therefore, the dose was made to equal 15 times 88, or 132 units The 
subject of the second study had been maintained in equilibrium beforehand with 70 
units of plain protamine insulin a day 



332 ARCHIVES OF INTERNAL MEDICINE 

fell gradually to the hypoglycemic level and remained there until the fifty-seventh 
hour, when feeding was resumed The patient exhibited no symptoms of hypo- 
glycemia until the end of the period, and clearly the insulin was continuing to act 
fifty-seven hours after injection (fig 2) 

Added zinc prolongs the activity of insulin and protamine insulin 
The duration of activity of the protamine insulin used in the first of 
the two studies just cited, when compared with another observation 

Hours 



t=Feedinc> 179 c c of milh, cream, Karo 
mixture C1416, P541, F6 53 

132. units protamine insulin with 
calcium (1 mij per 100 cc) 

^iven at zero hour 

Fig 1 — The duration of action of protamine insulin containing calcium in a 
woman aged 32 who was receiving food at two hour intervals 

made of the same patient, illustrates effectively the further prolonga- 
tion of action imparted to protamine insulin by the addition of zinc 

After the first patient had been given only regular insulin for three days, another 
study was carried out using protamine insulin containing 2 mg of calcium per 
hundred units The result was the same, if anything the duration of activity was 
even a little shorter Then for three days, only regular insulin was used, and the 
effect of administering 132 units of protamine insulin containing 02 mg of zinc 
per hundred units was observed This time, after thirty-six hours the patient 
remained free from acidosis and was only beginning to excrete sugar (fig 3) 

Why the addition of zme thus should prolong the action of prota- 
mine insulin has not been explained other than by the assumption lhat 
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it behaves as a catalyst Not only zinc but cobalt and nickel occur in 
the panel eas in appreciable quantities, as has been demonstrated by 
Fisher and Scott/® and vaiious authors have attributed significance to 
the presence of these ions of heavy metals Thus, Beitrand and Mache- 
boeuf noted that small amounts of cobalt and nickel administered 
with insulin would increase the quantity of sugar utilized , Maxwell and 
Bischoff reported that the addition of basic ferric chloride had a 
similar effect, and Kyhn found that potassium ions increased the 
sugar content of the blood and depressed the action of insulin, whereas 
calcium ions had the opposite effect Fazekas and Himwich have 


Mal^ a^e 19 Fasting 

Hours 



I Protamine insulin 

Fig 2 — The duration of action of protamine insulin during fasting in a man 
aged 19 

repoited that salts of aluminum retard the action of insulin The amount 
of zinc in the pancreas is greater than that of these other metals, and 
zinc has a greater effect on the activity of insulin than either cobalt 
or potassium Its action when added to regular insulin, according to 

16 Fisher, A M , and Scott, D A Zme Content of Bovme Pancreas, 
Biochem J 29 1055-1058, 1935 

17 Bertrand and Macheboeuf, quoted by Scott and Fisher 21 

18 Maxwell and Bischoff, quoted by Scott and Fisher 21 

19 Kyling, quoted by Scott and Fisher 21 

20 Fazekas, J F , and Himwich, H E The Effect of Zinc and Aluminum 
on the Hypogh^cemic Action of Insulin, J Pharmacol & Exper Therap 58 260- 
263 (Nov) 1936 
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Scott and Fisher,-^ is to extend considerably the period of hypogi} cemia 
(fig 4) Kerr and his associates called attention to a difficulty that 
every one treating diabetes seems to have encountered of late, namely 
that many more diabetic patients than formerly require more frequent 
injections of regular insulin They explained this on the basis of the 
greater purity of the insulin available in recent years and by the fact 
that the manufacturers, in securing this greater purity, have diminished 

MBS Female, age 5Z yrs 
Hours 



‘t'=Feeding 179 cc of milk, cream, Karo 
mixture C1416 P541 F6 35 


13^ units protamine insulin with 
2 Linc (1 mg per 500 units) 
given at zero hour 

Fig 3 — The duration of action of protamine insulin containing zinc in a 
woman aged 32 who was receiving food at two hour intervals 

the previously higher content of metallic salts, principally that of zinc 
This, I think, must be the case, because recently, by using regular 
insulin to which zinc has been added, I have found it possible to main- 
tain seveial patients with two injections a day who previously requiied 
four injections of commercial insulin 

21 Scott, D A, and Fisher, A M The Effect of Zme Salts on the Action 
of Insulin, J Pharmacol & Exper Therap 55 206-221 (Oct ) 1935 

22 Kerr, R B , Best, C H , Campbell, W R, and Fletcher, A A Pro- 
tamine Insulin, Canad Pub Health J 27 157-159 (April) 1936 
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Crystalline Insulin Sahyun crystallized insulin and found that a 
solution of It had an action that was considerably prolonged as com- 
pared with that of commercial insulin His preparation contained zinc 
The presence of traces of zinc or other heavy metals is necessary, 
indeed, to effect crystallization of insulin, as had been shown before by 
Scott But whether or not the longer activit)^ of Sahyun’s crystalline 
insulin IS attributable to the zinc is unsettled, Sahyun has said not 
The material he prepared for distribution to a few clinicians for trial 
contained only 0 9 mg of zinc per thousand units, and by recrystalhza- 
tion he was able to reduce this content to as little as 0 2 or 0 3 mg per 
thousand units without loss of prolonged activity Such minute amounts 
of zinc will not prolong the action of regular insulin when added to it, 
indeed, they are smaller than the amounts foimerly contained in com- 



Fig 4 — The effect of added zinc on the duration of action of regular insulin 
(from Scott and Fisher) 

meicial insulin Sah 3 mn therefore stated that he supposed that his 
prepaiation must owe its prolonged action either to some peculiar chem- 
ical reaction between the zinc and the insulin oi to some racemization 
within the laige molecule of insulin On the other hand, spectroscopic 
analysis of samples of Sahyun’s pieparation made by Foster revealed 
a zinc content of from 0437 to 1 15 mg per five hundred units, and 
little difference was found between the action of these samples and 
ciystalline insulin which was prepared by the usual method in the Con- 
naught Laboratories The duration of action of Sahyun’s preparation 
IS such that satisfactory control of hyperglycemia can be obtained in 
most cases with no moie than two injections a day, it is not enough 
to effect contiol with only one injection a day, as is illustrated in fig- 
uie 5 


23 Sahyun, M Personal communication to the authors 

24 Scott, D A Crystalline Insulin, Biochem J 28 1592-1602, 1934 
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Experience at the Mayo Clinic with this preparation is not greatly 
difterent from that reported by Altshuler and Leiser,-® who found that 
the duration of action of crystalline insulin does not exceed thirteen or 
fourteen hours but that the use of this preparation permits better con- 
trol with fewer doses and fewer total units than is possible with ordinary 
insulin Freund and Adler apparently did not take the fullest advan- 
tage of the long action of protamine insulin and gave no less than two 
injections a day For this reason crystalline insulin m their experience 
did not appear at a disadvantage 

Another report by Mams and McMullen is more difficult to inter- 
pret Apparently they were dealing with cases of milder diabetes 



Fig 5 — comparative study of the action on the sugar content of the blood 
of a fasting diabetic man aged 19 of regular insulin, Steam’s crystalline insulin 
(Sahvun) and zinc protamine insulin For more than three days before each 
observation the patient was given 70 units of regular insulin daily in divided doses 
and a diet containing 150 Gm of carbohydrate The evidence from this and similar 
studies indicates that crystalline insulin acts for little more than twelve hours 

Many of their patients suffered from arteriosclei otic complications, 
this being a type of diabetes in which not infrequently large overdoses 

25 Altshuler, S S , and Leiser, Rudolph Clinical Experience with an Improved 
Crystalline Insulin, JAMA 107 1626-1629 (Nov 14) 1936 

26 Freund, H A, and Adler, Sidney Effects of Standard, Protamine and 
Crystalline Insulin on Blood Sugar Levels, JAMA 107 573-577 (Aug 22) 
1936 

27 Mams, M P , and McMullen, C J The Clinical Investigation of an 
Improved Crj^stalline Insulin Preliminary Report, JAMA 107 959-962 
(Sept 19) 1936 
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of insulin can be tolerated without symptoms of leactions Under these 
circumstances it appeared to these authors that the sugar level of the 
blood could be satisfactorily maintained with one injection a day of 
crystalline insulin Rabinowitch and his colleagues also found in some 
cases that the prolongation of action of crystalline insulin equaled that 
of plain protamine insulin, although it was never as great as that of 
protamine zinc insulin Their data suggest that the prolongation of 
action of ciystallme insulin is due to its content of zinc They obtained 
equally good, and in some cases better, results by the simple addition of 
zinc to regular insulin and found that large amounts of zinc, enough, 
foi example, to pi o vide a 04 per cent concentration, led to actual 
inhibition of the action of the insulin in 1 case and to great retardation 
of action in otheis 

Other insulins with a prolonged action have been oiiginated One is 
insulin tannate, which is prepared by Bischoft It was studied clinically 
by Gi ay A suitable solution of tannic acid is added to regular insulin 
of U 100 strength, so that the resulting mixtuie contains 3 mg of tannic 
acid per hundred units The addition must be made immediately before 
injection Erythema and subcutaneous swellings occasionally were 
encountered These aie disadvantages Another preparation is that of 
Klein and Grosse Their “Insulm-Duiant” consists of a viscous mix- 
ture of lipoids which requires special syringes and needles for injection 
Leyton in London in 1929 and Bernhardt and Strauch in Beilin in 
1926 also attempted to retard the action of insulin, resorting to mixing 
it with oil Bernhardt and Strauch really were the pioneers in this 
endeavor to prolong the action of insulin 

Methods of Administering Protamine Insulin Hagedorn, Jensen, 
Krai up and Wodstrup,^ who were the first to report on the clinical use 
of protamine, gave m most cases an injection of piotamme insulin m 
the evening and one of regular insulin m the morning Root, White, 
Maible and Stotz ® at first either followed that schedule or gave two 
injections a day of protamine insulin Sprague and his associates,^^ 

28 Gray, P A The Treatment of Diabetes Mellitus with Insoluble Insulin 
Compounds, Endocrinology 20 461-472 (July) 1936 

29 Klein, G , and Grosse, A Theoretische und praktische Ergebnisse mit 
parenteralen Depots, Ztschr f d ges exper Med 98 623-650, 1936 Katsch, G , 
Scholderer, H , and Klatt, K Depotmsuhn, Ztschr f khn Med 129 608-626, 
1936 

30 Leyton, O The Administration of Insulin in Suspension, Lancet 1 756- 
759 (April 13) 1929, Chn Med & Surg 36 299-302 (May) 1929 

31 Bernhardt, Hermann, and Strauch, C B Ueber parenteral Depots 
wasserloshcher Medikamente, Ztschr f khn Med 104 744-766, 1926 

32 Sprague, Blum, Osterberg, Kepler and Wilder ^ Wilder, R M Clinical 
Investigations with Insulin Protamine Compound, Proc Staff Meet , Mayo Chn 
11 257-258 (April 22) 1936 



338 


ARCHIVES OF INTERNAL MEDICINE 


impressed by the evidence that the full effect of an injection of pio- 
tamine insulin was not exhausted until some time after the first twenty- 
four hours, were led to treat patients with one injection, giving the 
entile dose foi the day in the morning before breakfast This procedure 
was adopted also by Campbell and later by Joshn and Rabinowitch 
and then associates and by others It usually is satisfactory, although 
in cases of severe diabetes a supplementary dose of regulai insulin is 
required to prevent glycosuria after meals There is no reason to fear 
the relatively large size of the single dose if the injection is made in the 
morning, because before the peak effect is obtained the patient has 
received both breakfast and the noon meal, and these prevent excessive 
lowering of the sugar content of the blood The principal difficulty at 
piesent with the single morning injection is that the Insulin Committee 
m Toronto has consented thus far to the distribution of protamine 
insulin only m the U 40 strength Their explanation is that the duration 
of action is affected by the volume of the injected material, but in con- 
sequence of being limited to material of this strength patients requiring 
more than 40 units for the day must either use a larger volume of 
material than is pleasant or divide the dose and make two simultaneous 
injections It is to be hoped that piotamine insulin of U 80 stiength 
wiH be found to be equally effective 

An advantage of giving all the insulin foi the day in a single injec- 
tion and making this injection before breakfast is that by this technic 
the qualitative test of the morning mine for sugar becomes an accurate 
guide to dosage Tests at other times of the day reflect the hypei- 
glycemic effect of meals, and such postprandial hyperglycemia and 
gl 3 '^cosuria may occur even when the dose of protamine insulin is so 
large that it will provoke a reaction at night When the entiie dose is 
given before bieakfast, the moining test, if positive, shows that the 
dose IS inadequate and can be increased with safety If negative, it indi- 
cates that the dose is as much as can be tolerated, and any evidence of 
a reaction then becomes an indication for a smaller dose 

Diets with Protamine Insulin Campbell,®® Joshn and Sprague 
and their colleagues have expressed the opinion that greatei latitude 
in the amounts of foods may be allowed to patients using protamine 
insulin Good results have been obtained with diets high in carbohydrate 
by Rabinowitch and with diets high in fat and low in carbohydrate by 
Campbell On the whole, according to Campbell’s experience, patients 
leceiving diets moderatelj'- low m carbohydrate have lent themselves 
more readily to treatment with a single large dose than patients on other 
t 3 'pes of diet 

33 Campbell, W R , Fletcher, A A, and Ken, R B Protamine Insrlin 
in the Treatment of Diabetes Mellitus, Tr A Am Physicians 51 161-173, 1936 
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Economy Effected with Protamine Insulin With protamine insulin, 
especially that to which zinc has been added, the average patient requiies 
a smaller number of units a day The aveiage saving has been about 
25 per cent, but in occasional cases the saving may be much greatei 
Rabmowitch and his colleagues attributed this need for less insulin to 
an increased sensitivity to insulin impaited by the zinc, but as yet the 
evidence for this is not entirely satisfactory The facts suggest that 
insulin is protected by zinc or bound to the cell for a longer period, 
instead of being luslied past the liver and other tissues, perhaps to be 
excreted It is as if the zinc acted like a hook or, to use Ehrlich’s 
metaphor, like a side chain The saving effected is not at once apparent 
when protamine insulin is substituted for regular insulin, indeed, for 
the first few days a larger number of units may be necessary, or a daily 
dose of protamine insulin as large as the number of units of legular 
insulin used before must be supplemented with additional legular insulin 
This IS because the action of the protamine prepaiation is retarded so 
that the full effect of the dose given on the first and second days is not 
obtained My colleagues and I have found that the substitution can be 
made satisfactorily if four tenths of the previous dose of regular insulin 
IS administered on the first day as a supplement and two tenths of the 
pievious dose on the second day Later, the number of units of pio- 
tamme insulin usually can be i educed Campbell lecommended giving 
from 75 to 100 per cent of the pievious dose of regular insulin as 
protamine insulin in a single morning dose, accompanied the first day 
with about 60 per cent of the previous dose of regular insulin and on 
the second with 30 per cent of the previous dose 

Effectiveness of Protamine Insulin m Seveie Acidosis It seemed at 
fiist that the retarded action of piotamine insulin made it undesirable 
for the treatment of coma, infection and other emergencies in which 
quick action is important This is not strictly true, as was 
shown by Rabmowitch and his colleagues and as is indicated by experi- 
ence at the Mayo Clinic Recently 75 units of protamine insulin 
was given to a patient aged 28 years with diabetes of twelve months’ 
duration who was admitted to the hospital in his first attack of severe 
diabetic acidosis The carbon dioxide-combining power of the blood 
was 17 volumes per cent, and the sugar content was 288 mg per hun- 
dred cubic centimeters No more insulin was given for twenty-four 
hours and, with the exception of rest in bed and careful nuising, no 
othei treatment In eighteen hours the sugar value was 72 mg , and 
the value foi the caibon dioxide-combining power of the blood had 
iisen to 32 4 volumes per cent In this case, as in 2 cases described by 
Rabmowitch, there obviously was not a bad piognosis originally The 
patient later was nicely stabilized with 30 units of protamine insulin 
daily 
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In cases of greatei seventy diabetic acidosis demands a moie vig- 
orous attack, but even so the supplementary use of protamine insulin 
seems to be highly desirable Recently at the Mayo Clinic it has been 
made a practice to give from 50 to 100 units without delay, the patient 
being treated thereafter in the conventional mannei with such multiple 
doses of regular insulin as seemed to be required from examinations 
of the blood sugar and tests of fractional specimens of the urine The 
relative promptness with which patients later can be stabilized on leason- 
abty small doses of insulin has been impressive in the last 10 cases of 
diabetic acidosis in which patients were treated by this procedure 
Similarly, insensitivity to insulin after a major suigical operation has 
been avoided to a great extent when protamine insulin was given before 
and after the operation 

Hypoglycemic Reactions Following the Administration of Pro- 
tamine Insulin The subject of reactions is unduly minimized m many 
of the reports on the use of protamine insulin Reactions usually occui 
less frequently than with other forms of insulin, and the experienced 
patient, as a rule, is given a longei period of warning before the reaction 
becomes severe, although exceptions occur I am informed of 1 death 
following the use of protamine insulin, and I feai that others will 
follow unless great pains aie taken to impress patients with the impor- 
tance of heeding early symptoms and combating them with carbohydrate 
Muscular exertion is particularly likely to provoke reactions in a patient 
maintained with protamine insulin This adds to the difficulty of tieat- 
ment and demands eithei careful regulation of exercise or the adminis- 
tration of extia carbohydrate before and after unusual exercise 

The prodiomes of reaction differ from those with which patients 
and physicians using regular insulin have become accustomed Those 
symptoms which probably have been correctly attributed to the piotec- 
tive mobilization of epinephrine are less pronounced The sugar level 
falls so gradually that the adrenal glands seem not to be aroused Thus, 
tremor, sweating, tachycardia and a pounding pulse may be missing, 
and symptoms of cerebral origin, such as diowsmess, headache, nausea 
and fatigue, become the only criteria of hypoglycemia This adds to the 
confusion, because such symptoms resemble those of diabetic acidosis 
Vomiting has occurred in a number of cases, especially with reactions 
that occurred at night or weie combated tardily Those writing on the 
subject have emphasized the fact that reactions following the adminis- 
tration of protamine insulin are likely to be prolonged or to recur after 
treatment as more and more of the insulin suspension is dissolved and 
mobilized It is well to tell the patient always to carry small cubes 
of loaf sugar with him or “life savers” (a fruit-flavored “life saver” 
w^eighs 2 5 Gm ) and to take one cube of sugar or one cand) at the fiist 
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suggestion of any unusual symptom, and another eveiy twent} or thiity 
minutes until the next meal if symptoms persist or lecur 

A severe reaction may be encountered after injections of piotamine 
insulin In several instances the patient has awakened m the morning 
with sore, stiffened muscles and a bitten tongue, and attacks with con- 
vulsions have been observed Furthermore, long-continued hypoglycemia 
IS not without peril, even if symptomless I have referred to a study 
(fig 2) in which 70 units of insulin was given and food was withheld 
The patient, a volunteer, was a vigorous young adult with diabetes The 
sugar content remained m the neighboihood of 50 mg per hundred 
cubic centimeters for the last forty of the fifty-seven hours, but there 
were no symptoms (possibly because rest in bed was enforced) until 
the end of the period The tendon reflexes then became exaggerated, 
and headache and mental confusion developed The administration of 
dextrose leheved these abnormalities but not for seveial hours Boll- 
man gave protamine insulin to dogs m sufficient doses to maintain 
long-continued hypoglycemia and, observing no symptoms other than 
drowsiness for fifty or sixty hours, then gave dextrose and found under 
those circumstances that fatal convulsions ensued Animals that died 
during these attacks showed multiple petechial hemorrhages scatteied 
throughout the brain 

Patients with Severe Diabetes Difficult to Tieat Successfully The 
unstable diabetic patient continues to be unstable even when given pio- 
tamme insulin This is paiticularly true of patients with diabetes of 
great severity who have been treated for many years with regular 
insulin Allen commented on this in his discussion of papers by 
Campbell and Joshn He stated that he selected intentionally a large 
proportion of cases of the most difficult diabetes m which the sugar level 
was most labile, and he was unable to obtain satisfactory regulation 
with protamine insulin, either alone or in conjunction with old insulin 
Campbell,^' m the same discussion, agreed that certain patients piesented 
extreme difficulties but said that although it might take a longer time to 
attain a satisfactory balance m such cases, this had been accomplished 
m all his cases up to that time In a number of cases of severe diabetes 
at the Mayo Clinic it has not been possible to maintain the urine con- 
tinuously free from sugar without danger of reaction, and in such cases 
it has seemed to be safer to permit the intermittent excretion of some 
sugar Even with this less satisfactory management the patients for the 
most part seemed to feel healthier and stronger than they had before 
In some cases adjustment was difficult at first but later was not so 

34 Footnote deleted by the author 

35 Bollman, J L Personal communication to the author 

36 Allen, F M Tr A Am Physicians 51 186, 1936 

37 Campbell, W R Tr A Am Physicians 51 187, 1936 
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difficult Bertrand Smith also has had this experience and suggested 
“that a glycogenic function that has become somewhat adjusted to the 
more acute effect of regular insulin may be slow in adaptation to the 
more gradual effect of the protamine preparation ” 

The General Health of Patients Receiving Protamine Insulin 
Joshn,^®'^ Smith, Campbell and several other clinicians have com- 
mented on the improved health of patients receiving protamine insulin 
Rabmowitch observed a diminution m the bilirubin content of the 
serum In one group of cases the bilirubin was 1 26 mg before and 
0 35 mg per hundred cubic centimeters after the new treatment was 
begun He found also that the cholesterol content of the blood was 
diminished m patients who showed any elevation of it on previous 
treatment with regular insulin Hanssen reported that the enlarged 
(fatty livers of diabetic children and young adults diminished in size, 
and similar observations have been made by Winnett and Bowcock 
Joslin and also Campbell have expressed the hope that the degen- 
erative complications of diabetes could be prevented by the uninterrupted 
action of insulin on patients treated with protamine insulin Priscilla 
White, discussing recent pi ogress in the treatment of severe diabetes, 
made the following comment 

Whether one adheres to the theory that the high blood sugar or the high blood 
fat IS responsible for complications in diabetes, the new preparation conquers both 
In all probability the severe diabetic who in 1950 will have survived fifteen years 
of the disease may present a picture quite different from that of the long duration 
diabetic whom we have presented today 

Salt tn the Treatment of Diabetes — In this leview last year attention 
was directed to the obseivations of Glass and Beiless and those of 
McQuarne and his colleagues, which MacLean and I were m part able 
to confirm, namely, that salts of sodium, particularly sodium chloride, 
reduce the requirement of diabetic patients for insulin A piehmmary 
report by Sandstead has just appeared, adding further confirmation 
and supplying the additional significant observation that ischemic pain 
and other neurocirculatory disturbances weie affected to a stiikingly 
satisfactory degree by treatment with salt Sandstead studied 8 diabetic 
subjects for periods of from two to twelve months Sodium chloride 
was given orall)’- in doses of from 10 to 90 Cm dail)’’, and in every 
instance it exerted a depressing effect on the sugar level of the blood 
and made it possible either to reduce the dose of insulin considerably 

38 Hansen, P Enlargement of the Liver in Diabetes Afellitus, JAMA 
106 914-916 (March 14) 1936 

39 White, Priscilla Recent Progress in Severe Diabetes, Canad M A J 
35 153-161 (Aug) 1936 

40 Sandstead, H R The Effects of Oral Administration of Sodium Chloride 
in Diabetes, Hosp News 3 1-11 (Nov 1) 1936 
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or to increase the diet or both 111 effects were not demonstrable, and, 
contrary to a common belief that salt raises the blood pressure, the blood 
pressure was not raised m any instance In 1 case of the type in which 
there was relative insensitivity to insulin, the dose of insulin was ulti- 
mately reduced from 124 to 35 units, without any other change in 
the diet 

The most important aspect of the report of Sandstead is that beaiing 
on the influence of this treatment on neurocirculatory disturbances Five 
patients had demonstrable arteriosclerosis , the diabetes had been present 
over periods varying between several months and several years Four 
of these patients were complaining of the pain of diabetic neuritis, for 
which treatment in general has been very unsatisfactory All were 
relieved of this pain, 1 m a few days, 1 in two weeks, 1 in three weeks 
and 1 in a month It should be pointed out that the pain of diabetic 
neuritis often disappears more or less spontaneously in time Nevei- 
theless that 4 patients should find this degree of relief so promptly after 
beginning the treatment is of significance A histamine flare test was 
made as a loutine piocedure on the legs as a means of determining the 
degree of capillary dilatabihty In 1 of the 4 cases the test showed 
completely negative results befoie treatment as high as the knees, whei eas 
a good lesponse was obtained later as low as the feet 

Diagnosis of Diabetes — The diagnosis of diabetes ordmaiily is not 
thought to present serious difficulties The cardinal symptoms seen in 
the cases of more seveie untreated diabetes often aie pathognomonic, 
and the piesence of reducing substances in the urine is suggestive m all 
cases and prompts further investigation Exton maintained, however, 
that more mistakes are made than is supposed and that they aie of two 
kinds failuie to make a diagnosis of diabetes and the making of a false 
diagnosis of diabetes melhtus Whenever the test for i educing sub- 
stances 111 the urine gives positive results, a detei mination should be 
made of the cause of the reduction, and if this is dextrose, a dextrose 
tolerance test should be made 

A new method of analyzing sugai quantitatively, which was used by 
Extcn with SIX standard confirmatory methods, in reducing urine from 
1,0CX) men and women, revealed that while dextrose caused 97 per cent 
of the 200 reductions in which the value, if expressed as dextrose, 
exceeded 1 per cent, it caused only 60 pei cent of the 800 reductions in 
which the value was 1 per cent or less As his experience had shown 
that 10 per cent of the cases in which dextrose was the reducing sub- 
stance proved to be cases of renal or some other form of nondiabetic 
dextrosuria, it followed that only half the 800 specimens of urine con- 

41 Exton, W G Differential Diagnosis of Conditions Associated with 
Sugar Excretion, New York State J Med 36 1545-1553 (Oct 15) 1936 
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taming 1 per cent or less of reducing substances indicated the presence 
of diabetes 

Anal3'^sis of the 400 cases in which the reduction was not from dex- 
trose revealed interesting facts In 73 per cent the i educing substances 
were multiple In 13 8 per cent they could not be identified, m 7 1 per 
cent glycuronic acid was responsible, m 2 1 per cent pentose, in 1 8 per 
cent fructose, m 1 6 per cent vitamin C and m 0 6 per cent galactose 
Recent employment of vitamin C in pharmaceutic form suggests that 
this will be found m the future more often than m the past The figures 
for pentose and fiuctose bear out the supposition that pentosuria and 
fructosuria occur more frequently than is indicated m the literature 
Other data of interest are included m the article and also a description 
of the “one-hour-two dose dextrose tolerance test” proposed by Exton 
as being simpler and more mfoimative than the test for sugar tolerance 
usually perfoimed 

Experience with Exton’s simplified dextrose tolerance test has been 
favorable It has now become a routine piocedure at the Mayo Clinic, 
but my colleagues and I do not agree with Exton that it entiiely avoids 
equivocal lesults, hence when the interpretation is doubtful, we repeat 
the examination, using a standard procedure Also, we cannot agree 
with Exton when he insists that a dextrose tolerance test is indicated 
whenever the cause of the reduction of reducing urine is demonstrated 
to be dextrose If the value for sugar in the blood is greater than 130 
mg per hundred cubic centimeters in the morning before the ingestion 
of food, we regard the diagnosis of diabetes as established The non- 
dextrose reducing substances found in urine do not provoke this degree 
of postabsorptive hyperglycemia We leserve the dextrose toleiance test, 
therefore, for cases m which the sugar content of the blood m the morn- 
ing is less than 130 mg per hundred cubic centimeters, thereby avoiding 
possible injury to patients who may have diabetes of greater severity 
than IS immediately apparent 

Acidosis and Coma — Experience in the Mayo Clinic in 108 consecu- 
tive cases of severe diabetic acidosis was reported in this journal by 
Baker An interesting problem m connection with the subject is the 
nature and reason for the abdominal pain with spasm of the abdominal 
muscles, which so frequently leads to the fear, if not to an erroneous 
diagnosis, of an acute intra-abdominal disease Walker treated a 
patient with diabetic acidosis by giving 1,000 cc of a 0 9 per cent solu- 
tion of sodium chloride together with 50 units of insulin As frequently 

42 Baker T W A Clinical Survey of One Hundred and Eight Consecutive 
Cases of Diabetic Coma, Arch Int Med 58 373-406 (.Sept) 1936 

43 Walker, Harrv The Etiology of Abdominal Pain in Diabetic Acidosis, 
Ann Int Med 9 1178-1181 (March) 1936 
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has been observed before, the seventy of the abdominal pain began to 
lessen soonei than could be expected from any change pioduced by 
insulin It lessened immediately, and within forty-five minutes had 
entirely disappeaied At the same time the abdomen lost its rigidity 
and became soft Walkei compared this observation to what is seen in 
heat cramps and gastric tetany In both of them, as m diabetic acidosis, 
loss of chloiide (and sodium) occurs In heat cianips it results fiom 
perspii ation , in gastiic tetany, from vomiting and diuresis In all three 
of these conditions spasm and pain affect muscles which are in action 
In all of them lelief from pain is promptly accomplished by restoring 
the lost electrolytes 

The same comments apply to the crisis of Addison’s disease, in 
which loss of chloiide and sodium also occui Epigastiic pain is an out- 
standing symptom and prompt lelief usually is secured by administering 
intiavenous injections of solution of sodium chloride It appeals that 
the pain in all these conditions may be attributed to the ischemia which 
lesults from the cramping of muscles and that the cramping is limited 
to actively coiiti acting muscles In diabetic acidosis and in Addison’s 
disease the principal woiking muscles, aside from those of the heart, 
are those of respiration, and muscle spasm and consequent pain are 
limited usually to the muscles of lespiration This subject deserves moie 
intensive investigation than has been devoted to it thus far 

Dillon, Riggs and Dyer examined the brain m 8 fatal cases of 
uncomplicated diabetic coma and obseived dilatation of the capillaries, 
perivascular edema, prohfei ation of the neuroglia and degeneration of 
the ganglionic cells These abnoimalities were most conspicuous in those 
paits of the biam which have been shown to be most susceptible to 
anoxemia produced by acute exsanguinating hemorrhage or by heart 
failure Fuithermoie, the lesions were like those noted after acute 
asphyxia In diabetic coma the total volume of the blood is reduced by 
hemoconcentration to a degree comparable to that in seveie hemorihage, 
and severe myocardial damage frequently accompanies it Thus, it 
seemed to the authors that the abnormal physiology of diabetic coma 
IS a 1 educed volume of circulating blood, a consequent marked reduction 
of blood pressuie, both systolic and diastolic, limitation of the amount of 
blood flowing to the head and resulting anoxia of the brain The ceie- 
bral lesions, ni turn, may fuither embanass the cardiac function by 
paialysis of the vasomotor and othei vegetative centers, and in conse- 
quence the patient may die as a result of collapse of the vasomotor 
system oi failure of the respiratoiy function, even when chemical esti- 
mation of the degree of acidosis indicates an improvement 

44 Dillon, E S , Riggs, H E, and Dyer, W W Cerebral Lesions in 
Uncomplicated Fatal Diabetic Acidosis, Am J M Sc 192 360-365 (Sept) 1936 
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Tuhei culosis and Diabetes — The outlook for patients with diabetes 
complicated by tubei culosis is by no means as hopeless as has been 
supposed Unfortunately, until recently, the staff physicians of many 
hospitals for tuberculous patients have not been prepared to provide 
expel t control of the metabolic abnormality of these patients Myers 
and McKean in a small series of cases (80) obtained arrest or apparent 
arrest of tuberculosis in 21 per cent of the cases in which it was mod- 
erately advanced, in 25 per cent of those in class 3B and in 10 pei cent 
of those in class 3C Eventual arrest was anticipated m an additional 
43 per cent of cases in class 2 and in another 16 per cent of those in 
class 3B The results compared favorably with those for nondiabetic 
patients with tuberculosis of like seventy m the same hospital The 
tentative conclusion was reached that as long as the diet and insulin aie 
regulated, coexisting diabetes does not have an adverse effect on the 
course of pulmonary tuberculosis The average amount of insulin needed 
to bring the patients under control on admission was 46 units daily 
The average dose at the time of dismissal was 42 units daily The aver- 
age diet contained 108 Gm of carbohydrate, 62 Gm of piotem and 
162 Gm of fat In its relatively low amount of protein, its caloric con- 
tent and its relatively high fat and carbohydiate ratio it was similai to 
that which McCann and Bair^® found to be most suitable in cases of 
uncomplicated pulmonary tuberculosis 

A Public Health Pioblem — The increasing mortality among persons 
with diabetes is portrayed giaphically in a recent bulletin of the Metro- 
politan Life Insurance Company If the present tiend is maintained, 
the relative positions of tuberculosis and diabetes as causes of death will 
be reversed within a decade In one state, Nebraska, this has already 
occurred In the four adjacent states (Iowa, Kansas and the Dakotas) 
the diabetes rate for 1933-1934 was close to that of tuberculosis, and in 
twelve of ninety-three cities of 100,000 population or more it was higher 
Outstanding among communities in which this was found to be the case 
were Syracuse, N Y , where the deaths among subjects with diabetes 
weie 60 9 per cent m excess of those among subjects with tuberculosis. 
New Haven, Conn , with an excess of 43 7 per cent, and Rochester, 
N Y , with an excess of 42 4 per cent In the city of New York as a 
whole the deaths credited to diabetes were slightly less than half the 
total chaiged to tuberculosis, but in Brooklyn, N Y, they were only 

45 Myers, G B , and McKean, R M Diabetes and Tuberculosis I An 
Analysis of Eighty Cases from the Standpoint of Tuberculosis, Am Rev Tuberc 
32 651-664 (Dec ) 1935 

46 McCann, W S , and Barr, D P , quoted by Myers and McKean 

47 The Comparative Mortality from Diabetes and Tuberculosis, Stat Bull 
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3 1 per cent less The implication of these figures is obvious The sub- 
ject will demand more and moie attention fiom public health officials 
The wise suggestion is made that gioups which have been organized to 
combat tuberculosis extend then woik to the stud> and control of dia- 
betes and othei chronic diseases It is much bettei to use established 
agencies foi this purpose than to create new ones, and the problems 
piesented by diabetes from the point of view of control have many 
aspects in common with those of tuberculosis This idea has already 
taken hold in seveial parts of the country and should be encouraged 
Theoiy of Diaheles — Sensitivity to Insulin Attention was directed 
in an earlier review to the studies of Falta and his associates on the 
lesistance to insulin encountered m some cases of diabetes The subject 
has been studied also by several othei investigatois, and Himswoith, 
of London, and MacBiyde, of St Louis, have presented data of 
experiments that may affect therapeutic procedures The observations 
of Himsworth have appeared m British medical jouinals since 1932, 
they are summarized m his recent discussion befoie the Royal Society 
of Medicine The extent to which the sugar content of the blood of 
healthy young men was lowered by a standard dose of insulin, admin- 
istered by vein, was increased when the previous diet had been high 
in caibohydrate and decreased when the pievious diet had been low in 
carbohydrate These effects of a varying amount of dietaiy caibo- 
hydrate aie not to be explained, he said, eithei by a diffeience m the 
leactioii {pn) of the tissues or by ketosis, and since the increased 
activity of insulin aftei carbohydiate feeding also was obseived when 
the caibohydrate was given as dextrose by vein, it seemed unlikely that 
any hormone from the digestive tiact, such as the "duodenm” desciibed 
by Laughton and Macallum, could be a factoi Himsworth thus 
reached the conclusion that the same dietetic factors which improve 
sugai tolerance in normal men also increase sensitiveness to insulin 
That nioie carbohydrate in the diet will increase and less carbo- 
hydiate will decrease the sugai tolerance of normal men was demon- 
strated independently by Adlersberg and Poiges®^ and by Sweeney 

48 Wilder, R M , and Wilbur, D L Diseases of Metabolism and Nutrition 
Review of Certain Recent Contributions, Arch Int Med 55 304-343 (Feb ) 1935 

49 Himsworth, H P Discussion of Physiological Factors Influencing the 
Action of Insulin, Proc Roy Soc Med 29 658-662 (April) 1936 

50 Himsworth, H P The Influence of Diet on the Sugar Tolerance of 
Healthy Men and Its Reference to Certain Extrinsic Factors, Clin Sc 1 251-264 
(Nov 14) 1934 

51 Adlersberg, D , and Porges, O Zur Theone und Praxis der kurativen 
Diabetesbehandlung, Khn Wchnschr 5 1451-1455 (Aug 6) , 1508-1513 (Aug 13) 
1926 

52 Sweeney, J S Dietary Factors That Influence the Dextrose Tolerance 
Test A Prehmmarj Studv, Arch Int Med 40 818-830 (Dec ) 1927 
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The interpretation of this, until recently, was that the higher tolerance 
after a high carbohydrate diet, as measured by dextrose tolerance tests 
and after preliminary injections of dextrose, was attributable to a greater 
sensitiveness of the pancreas, with a resultant more lapid oi increased 
secretion of insulin However, Dann and Chambers showed that in 
dogs which had fasted for from fifteen to thirty days the administration 
of dextrose caused little use m the respiratory quotient and that when 
insulin was injected at the same time, little more dextrose was oxidized 
This demonstrated appaiently that the diminished sugar tolerance after 
starvation (in which the metabolism is largely at the expense of fat) 
was not due merely to the lack of insulin Important also in this con- 
nection IS the woik of Soskin,®^ to which reference was made in our 
last review It does not disprove the previous contention that sugar 
stimulates a greater excretion of insulin, it suggests rather that moie 
than one effect is produced 

Himswoith®® showed further that the increased tolerance and 
increased activity of injected insulin, effected by feeding moie carbo- 
hydrate to normal men, did not depend on the caloric value of the intake 
of food or on the ketogenic-antiketogenic ratio oi on the fat content of 
the diet but rather on the absolute amount of carbohydrate The quan- 
titative nature of his experiments permitted the construction of curves 
to express the relationship of variation in the carbohydrate fed to change 
either in the dextrose tolerance oi the sensitivity to insulin He called 
these cuives the “determination cuive of glucose tolerance” and the 
“determination curve of insulin sensitivity ” He found that 'the two had 
exactly the same form He found also that when the change in the 
dextrose tolerance was plotted against the change in the sensitivity to 
insulin, a straight line was obtained, inclined 45 degrees to the hori- 
zontal, and from these obseivations he concluded that “the change in 
glucose tolerance consequent upon variation m the carbohydrate content 
of the diet is completely accounted for by change in the sensitivity to 
insulin secreted by the pancreas,” thus excluding the necessity foi 
assuming the secretion of more insulin by the pancreas 

Those readers who have had much experience with dextrose toler- 
ance tests will remain skeptical as to whether blood sugar-time cuives 
can safely be subjected to such precise mathematical analysis, and even 
granting* that “the method of areas” employed by Himsworth is a step 

53 Dann, M , and Chambers, W H Animal Colorimetry Metabolism of 
Glucose Administered to Fasting Dog, J Biol Chem 89 675-688 (Dec ) 1930 

54 Soskin, S , Alhveiss, M D , and Cohn, D J Influence of the Pancreas 
and the Liver upon the Dextrose Tolerance Curve, Am J Physiol 109 155-165 
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55 Himsworth, H P The Dietetic Factor Determining the Glucose Toler- 
ance and Sensitiviti to Insulin of Healthy Men, Clm Sc 2 67-94 (Sept 30) 1935 
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m the diiection of accuiacy of interpi elation, it still may be doubted 
whethei the results are as extremely accurate as Himswoith claimed 
In any event, the case for relationship between the carbohydrate of the 
diet and the sensitivity to insulin is good and provides another expla- 
nation for the beneficial effects of diets high m caibohydrate in certain 
cases of diabetes This provides also a rationale for treating diabetic 
coma with large doses of dextiose, as advocated by Ellis and lef erred 
to 111 an eailier review 

Himsworth,®^ in 1934, showed with animals that the degiee to which 
insulin suppressed hyperglycemia, produced by the administration of 
dextrose intravenously, was proportional to the sensitivity of the animal 
to insulin By subjecting diabetic patients to this test he was able to 
distinguish two types of patient In one, the “msulm-sensitive” type, 
injected insulin suppressed the hyperglycemia provoked by dextrose 
administered by mouth, m the other it failed to do so The leaction of 
the “msulin-sensitive” diabetic patient to dextiose and insulin was like 
that obtained in healthy subjects, but the leaction of the “insulin-insen- 
sitive” diabetic patient was abnormal In the formei, hyperglycemia Avas 
prevented , in the latter it was not 

Himsworth’s inquiiy then was directed to discovei why the action of 
insulin was impaired m the type of diabetic patient insensitive to insulin 
and to deteimme whether this impairment was due to deiangement of 
hepatic function oi to inhibition of the action of insulin m the penpheiy 
Foi this puipose compaiison was made of the content of sugai m aiteiial 
blood (blood flowing freely from the lobe of the ear) and that m blood 
drawn simultaneously from a vein This co-called aiteriovenous differ- 
ence normally was moderately increased when dextrose was adminis- 
tered to normal subjects, and when insulin was given with the dextrose 
the arteriovenous difference amounted to as much as 30 or 40 mg 
per hundred cubic centimeters of blood With diabetic patients of the 
“insulm-sensitive” type, the response to this test was like that of normal 
subjects, whereas with those of the “msulm-msensitive” type, the 
response was minimal, indicating inhibition of the peripheral action of 
insulin Soskm and his associates,®^ although agreeing with Himsworth 
that the pancreas does not secrete an inci eased amount of insulin after 
the injection of dextrose, disagreed with him m attributing importance 
to the activity of insulin in the periphery They considered that differ- 
ences between the values found for sugar m arterial and in venous blood 
are of no significance unless they first aie corrected for late of blood 
flow and hydration 

56 Wilder, R M , and Wilbur, D L Diseases of Metabolism and Nutrition 
Review of Certain Recent Contributions, Arch Int Med 57 422-471 (Feb ) 1936 
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In any case, Himswoith®' was led to suggest that the diabetes of 
the “insuhn-sensitive” type of patient was attributable to lack of insulin, 
uhereas that of the “insuhn-insensitive” type of patient was due not 
to lack of insulin but to insensitivity to insulin This he coi related with 
the observed action of carboh 3 ^drate on sugar tolerance “Insulin- 
sensitive” patients toleiated large increases in dietary carbohydrate 
without requiiing an increased dose of insulin, but “insuhn-insensitive” 
patients showed glycosuria after only slight inci eases in the dietaiy 
carbohydrate “The insuhn-sensitive diabetic thus appai ently reacts like 
the normal subject by becoming more sensitive to insulin as the dietaiy 
carbohydrate increases, whilst giving more carbohydrate administered 
to the msulm-msensitive does not evoke this reaction ” 

Himsworth has offered two explanations of this variability of 
sensitiveness to insulin He first assumed that an activatoi was 
involved, an insulin kinase, the action of which was complementary 
to that of insulin Later, the studies of Marks,^® to be referred to 
presently, suggested to Himswoith the view that the variation may 
be accounted for by the piesence of more or less of some antagonist 
to insulin 

MacBryde’s study of a gi oup of diabetic patients led to the con- 
clusion at which Himsworth arrived, namely, that diabetic patients fall 
into two types, one sensitive to insulin and the othei relatively insensi- 
tive The distinguishing cnteiia differed, however He tested the 
1 espouse to an injection of 1 unit of insulin for each 10 pounds 
(4 5 Kg ) of body weight and found that some patients showed a 
marked fall m the sugar content of the blood, wheieas others showed 
relatively little response He also tested the tolerance to overdoses of 
insulin and observed that those patients showing sensitivity by the first 
test would tolerate little or no increase m the dose of insulin above 
the daily requirement, whereas those who were resistant according to 
the fiist test could tolerate large overdoses, m some cases as much as 
60 units or more He tested also the numbei of grams of dextrose 
metabolized per unit of insulin and found m patients sensitive to insulin 
that this ranged from 1 to 3 Gm , whereas m those insensitive to insulin 
it was less than 0 5 Gm MacBiyde’s patients who weie sensitive to 
insulin, however, failed to gam tolerance with a highei carbohydrate 
diet, there being onlj 1 exception among 8 patients, whereas his 
“msulm-msensitive” patients (he used the term “insulin resistant”) 

58 Marks, H P The Pituitary Factor, Proc Roy Soc Med 29 663-666 
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gained tolerance on a high intake of carbohydrate This is exactly 
opposite to what Himsworth observed , and thus what seemed to prom- 
ise a means of harmonizing the clinical practice of those advocating 
a diet high in carbohydrate and those recommending a diet high in fat 
only adds to the existing confusion 

The position of those clinicians who are adhering to a course betu een 
the extremes of a diet high in fat and a diet high in carbohydrate seems 
to be supported by Himsworth’s “insulin sensitivity determination 
curve,” to which I have lef erred This curve shows that in a noimal 
subject a rise in sensitivity to insulin and consequently an improvement 
in the ability of the body to dispose of carbohydrate occur as the dietary 
carbohydrate is increased from 50 to 200 Gm a day but that little 
increase in sensitivity occurs when the dietary carbohydrate is increased 
beyond 200 Gm until the amount of 350 Gm is exceeded, when anothei 
but more moderate increase of sensitivit}^ is observed In other words, 
the best effectiveness of insulin and the maximal disposal of dietary 
carbohydrate by each unit of insulin seem to be obtained when the diet 
contains 200 Gm of carbohydrate Below this allowance further addi- 
tion of carbohydrate demands a proportionately small increase of insulin, 
whereas above this allowance a relatively larger increase of insulin is 
needed Himsworth seemed to lay less emphasis on the significance 
of this “insulin sensitivity determination curve” than I have, at least 

1 am led to judge so by the fact that he advocated the use of a diet 
containing much more than 200 Gm of carbohydrate He even stated 
the opinion that a diet in which the carbohydrate represents less than 
50 per cent of the total calories may cause progressive permanent 
impairment of sugar tolerance, so that in the course of time diabetes 
mellitus results 

Himsworth has published two articles on statistics regarding dia- 
betes in suppoit of this contention In one of these he and Marshall®” 
attempted to show that most diabetic patients selected a diet low in 
carbohydrate before diabetes developed In the other ®^ he pointed to a 
correlation between the dietary habits of persons m various communi- 
ties and countries and the diabetic mortalities These statistical articles 
are not good The difference between the diets of diabetic patients 
before they had diabetes and of the group of nondiabetic patients is 
slight, and the difference between the amount of carbohydrate included 
in diets in certain states of the United States with a high incidence of 
diabetes and in others with a lower incidence also is not enough to 
impress any one who does not wish to believe that this is the explana- 

60 Himsworth, H P , and Marshall, E M The Diet of Diabetics Prior to 
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tion For instance, the death rate from diabetes in the state of Maine 
was 25 5 per bundled thousand, whereas that of the adjacent piovmce 
of Quebec was 11, that of the United States as a whole was 20, and 
that of Canada as a whole was 12 It may be true that the inhabitants 
of the United States eat more fat and therefoie less carbohydrate than 
do people in Canada, but Himsworth’s own experiments show that 
differences m carbohydrate consumption between the gross values of 
200 and 350 Gm are of little consequence m the sensitivity of healthy 
subjects to insulin (their own insulin) The sharp slopes of his “insulin 
sensitivity determination curve” occur, as I have stated, when the 
amount of carbohydrate is changing from 50 to 200 Gm , and when 
it exceeds 350 Gm It is doubtful whether many persons, either in 
Maine or in Quebec, eat less than 200 Gm or more than 350 Gm of 
carbohydrate a day 

There are far too many inestimable factors to justify any conclusion 
today as to why diabetes is so unequally distributed over the world, 
or as to why there is so much more diabetes (death from diabetes) 
in the northern tiei of states of the United States than in the southern 
tier or in the provinces of Canada A factor which seems more impor- 
tant than the difference in the consumption of carbohydrate by these 
1 espective populations is that disclosed by the observations of Petersen 
and, independently, those of Mills This, namely, is a correlation 
between the incidence of death with diabetes and the frequency and 
seventy of changes in the weathei (temperature, barometric pressure, 
humidity, ionization of air and so forth) The northeastern and north 
central states of the United States are m the track of the major cyclonic 
disturbances These stoims acquire their greatest severity as they sweep 
eastward fiom Montana to the northeast The weather of the Canadian 
provinces is much less affected by them, and the states south of the 
Ohio River he south of this storm track 

The Role of the Hypophysis in Cai bohydrafe Metabolism — I have 
mentioned that Himsworth seemed to be prepared to abandon his early 
assumption of an insulin activator (kinase) in favor of an inhibitor 
and that he has been influenced in this by the results of investigations 
by Marks Marks, with Best, Dale and Hoit, confirmed the observa- 
tion of Mann and Magath that sugar disappears from the blood in 
animal preparations when the influence of the liver is excluded and 
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that injections of insulin accelerate the rate of this disappearance They 
could account quantitatively for the sugar, it was mainly stored in 
the muscles as glycogen In the intact animal when the blood sugar 
falls after an injection of insulin, it is restored again by the conversion 
of hepatic glycogen into dextrose m response to stimulation of the 
liver by epinephrine This has been demonstrated repeatedly It now 
appears that if the hypophysis is lemoved from the animal, the per- 
centage of sugar produced m the blood by a small dose of insulin is 
not corrected, the sugar content continues to fall until the animal dies 
in convulsions This occuired, as was demonstrated by the experiments 
of Cope and Marks,®^ even when the liver was abundantly supplied with 
glycogen, as well as under conditions in which the compensatory secre- 
tion of epinephrine was found to take place just as it does in a normal 
animal The conclusion followed that the absence of the hypophysis 
leads to a greater stability of hepatic glycogen Supportive evidence 
was provided by experiments on the perfused livers of hypophysecto- 
mized frogs In them glycogen was converted into sugai much less 
readily than m a normal animal 

The converse of this ineffective recovery from hypoglycemia of 
an animal deprived of its hypophysis also was observed An abnormally 
intense secretion of dextrose by the hvei, coupled with an exaggeiated 
phase of recoveiy from hypoglycemia, followed injections of insulin 
when suitable extracts of the anterior lobe of the pituitary gland weie 
injected But apart fiom any action on the liver, these extracts of the 
anterior lobe also inhibited or delayed the peripheral action of insulin, 
as judged by observations on the aiteriovenous differences of the sugar 
contents 

Marks commented on the striking resemblances between these 
effects of extracts of hypophysis and those observed (by Himsworth) 
when the diets of normal subjects and diabetic patients contained vary- 
ing amounts of carbohydrate Maiks, therefore, was led to suggest 
that the anteiior lobe of the hypophysis is stimulated by an inadequate 
supply of carbohydrate He suggested that the hypophysis is concerned 
in the production of carbohydrate from protein or fat or both and that 
the greatest demand is made on it when the organism, because of lack 
of available carbohydiate, is forced to obtain its necessary dextrose 
from protein or fat Thus, when the diet is poor in carbohydrate, the 
hypophysis is stimulated, and the peripheral response to insulin is 
inhibited, and vice veisa, when the diet is rich in carbohydrate, the 
hypophysis becomes inactive, the peripheial response to insulin is no 
longer inhibited and at the same time dextrose is less easily mobilized 
from the liver 
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In a previous review^® (1935), when discussing the woik of H 
Locke, whose experiments led him to conclude that the hypophysis 
exerts its influence on carbohydrate metabolism by way of the central 
nervous system, I commented on the demonstration on cats by Davis 
and his associates that experimental lesions accurately placed in the 
hypothalamus would permit removal of the pancreas without the devel- 
opment of severe diabetes The lesions were produced bilaterally by 
means of the Horsley-Clarke stereotaxic instiument If Locke’s obser- 
vations were correct, it seemed to me that these cats should be resistant 
to injections of extracts of the anterior lobe of the hypophysis contain- 
ing the blood sugar-raising (contra-insular) agent, and if this were found 
to be the case it would do much to establish the reliability of Locke’s con- 
clusions This experiment has now been performed by Ingram and Bar- 
ns Four of a group of 5 cats with lesions located in the supra- 
chiasmal portion of the hypothalamus and including the filiform nuclei, 
failed to show normal responses to the blood sugar-elevating effect 
of a suspension of the anterior lobe of the hypophysis The preparation 
caused hyperglycemia in normal cats Three other cats manifested 
retarded responses to the action of much smaller doses That the failure 
to respond actively to the suspension of the anterior lobe of the hypophy- 
sis was not due to a deficient supply of hepatic glycogen was estab- 
lished by removing samples of liver from the animals at the end of 
the periods of obseivation The values for glycogen ranged from 3 09 
to 5 51 per cent 

Ingram and Barns expressed the opinion that the effect of lesions 
of the hypothalamus on carbohydrate metabolism could be interpreted 
in either of two ways (1) that the site of action of the diabetogenic 
(contra-insular) hormone of the anterior lobe of the hypophysis was 
destroyed or (2) that injury to the hypothalamus had depressed the 
action of the anterior lobe of the hypophysis Houssay had objected 
to Locke’s conclusion that hormones of the anteiior lobe of the hypophy- 
sis act by way of the hypothalamus, basing his criticism on the 
results of experiments on toads Although Houssay and Biasotti had 
found that lesions in the hypothalamus prevented or ameliorated dia- 
betes, they had ascribed this result to the loss of some direct nervous 
influence on the anterior lobe of the hypophysis Ingram and Barns 
lef rained from drawing final conclusions However, they pointed out 
that nerve connections between the hypothalamus and the anterior lobe 
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of the hypophysis, if there are any at all, are not well established and 
that then evidence that some hypothalmic lesions appear to depress the 
diabetogenic activity of active suspensions of the anterior lobe of the 
hypophysis supported the assumption of Locke that the site of action 
of the diabetogenic hoimone is in the hypothalamus They stated that 
the frequency with which bilateral atrophy or destruction of the fihfoim 
nuclei was associated with alteration of carbohydate metabolism ^^as 
striking but that exceptions occurred (in 1 cat in which these cell 
groups weie destroyed the response to the hyperglycemic activity of 
suspensions of the anterior lobe of the hypophysis was entirely normal) 
and therefore that the matter of more exact localization of the areas 
concerned must await further study 

The idea that diabetes mellitus depends on uncontrolled activity of 
the anterior lobe of the hypophysis is supported by the fact that injec- 
tions of an estrogenic substance alleviate to some extent the symptoms 
of diabetes in depancreatized dogs (Barnes, Regan and Nelson, 1933) 
This has been observed also m some instances of diabetes mellitus by 
Mazer, Meranze and Israel and Houssay but was not found by 
Collens and his associates Also, de W esselow and Griffiths recently 
have repoited that injections of blood plasma from a particular type 
of diabetic patient rendered rabbits less sensitive to insulin, much as 
would an injection of extract of the anterior lobe of the pituitary gland 
The possibility was entertained that this type of diabetic patient cor- 
responds to the "insulm-insensitive” type of Himsworth 

In this connection Young offered the following contribution 
Mention has been made of the observation by Cope and Marks that 
injection into rabbits of a saline suspension of the anterior lobe of 
the pituitaiy gland was followed by resistance to the action of insulin 
and increased sensitivity to the hyperglycemic effect of epinephrine 
Young investigated the factor responsible for these effects and found 
it to be closely associated, if not identical, with the lactogenic hormone 
Incidentally, the lactogenic hormone is now being considered as iden- 
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tical with the adrenotropic hormone, which brings these observations 
into line with those of Long and Lukens,^® to which reference will be 
made presently Further exploration of this interesting possibility is 
awaited with interest The period of lactation is a time when sugai 
IS wnthdrawm from the blood at an accelerated rate, hypoglycemia 
threatens and sometimes develops in cows that are bred to produce 
milk abundantly The association in one factor of a stimulant to lacta- 
tion with an action on the liver and periphery, which increases the 
discharge of sugar from the former and diminishes utilization by the 
latter, would be highly purposeful 

Collip has suggested that the diabetogenic action of extracts of 
the anterior lobe of the hypophysis is due to the combined effect of two 
substances, one acting on the level of the blood sugar and the other 
producing ketosis Young said he thought it possible that three sub- 
stances are concerned (1) a factor which stimulates the formation of 
glycogen in the liver and which may be associated with the ketogenic 
factor, (2) a glycotropic factor, which facilitates hepatic glycogenol- 
ysis and inhibits to some extent the peripheral action of insulin and 
(3) a glycogenolytic factor, causing hypeiglycemia Any of these alone 
IS not diabetogenic, but their combined action would result in an 
increased production of sugar in the liver, ketosis and possibly in 
decreased utilization of sugar in the periphery Hertz has called 
attention to a possible relationship between von Gierke’s disease and 
the hypophysis This condition is characterized by the excessive forma- 
tion of hepatic glycogen accompanied with ketonuria, and it would 
result from the first of the three factors mentioned The extracts 
prepared by Young inhibited the action of insulin but did not produce 
ketosis or affect the level of the sugar in the blood during fasting This 
IS the second factor , the third presumably is a hormone producing more 
intense excretion of sugar by the liver It seems rather unreasonable 
thus to multiply the number of hormones in the hypophysis, in time 
the observations probably will be explained more simply than this 
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Pancreatectomy m the Cat, ibid 116 96-97, 1936 
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Significant as this newer work on the physiology of carboh} drate 
metabolism appears to be, clearly there is much to be learned before 
the results can be interpreted clinically Woody att,'® it is true, found 
that the administration q^f an extract of the antei lor lobe of the hypophy- 
sis to diabetic patients might cause an increase of glycosuria After 
the high dose was interrupted an improvement might occur comparable 
to that which follows removal of the hypophysis of animals with pan- 
creatic diabetes This is what should be expected Acromegaly in its 
stages of activity frequently, but by no means always, is associated 
with (provokes'^) diabetes Clinical insufficiency of the antei lor lobe 
of the hypophysis should increase the tolerance for sugar, and there 
IS some evidence that it does (Goetsch, Cushing and Jacobson'^"), 
although a number of cases of hyperglycemia and glycosuria have been 
reported in patients with hypopituitarism, the last one being reported 
by Sexton and Neuhoff The diabetes was considered to be “of true 
pancreatic origin” by Sexton and Neuhoff, that is, “due to a deficiency 
m insulin,” and its occuirence was considered to be “entirely inde- 
pendent of the pituitary syndrome ” In my opinion in the large majoiity 
of cases diabetes is independent of any abnormality of the pituitaiy 
gland 

The Role of the Adienal Glands in Carbohydrate Metabolism — The 
observation of Buell, Strauss and Andrus that lactic acid is produced 
only slowly by the autolyzmg muscles of adrenalectomized rats, although 
the lactic acid content of the blood is known to be high m such animals 
led them to the assumption that glycogenesis from lactic acid may occur 
less readily when the influence of the adrenal glands is removed Other 
experiments support this assumption Known amounts of lactic acid 
neutralized with sodium hydroxide were given by stomach tube to 
(1) normal rabbits, (2) adrenalectomized rats insufficiently treated with 
adrenal cortex extiact, (3) adrenalectomized rats treated only with salt 
solution and (4) adrenalectomized rats adequately treated with the 
cortical extract The livers of each of the rats deprived of its adrenal 
glands and inadequately treated with adrenal cortex extract or treated 

76 Woodyatt, R T Tr A Am Physicians 51 123-127, 1936 

77 Goetsch, Emil , Cushing, Harvey, and Jacobson, Conrad Carbohydrate 
Tolerance and the Posterior Lobe of the Hypophysis Cerebri An Experimental 
and Clinical Study, Bull Johns Hopkins Hosp 22 16S-190 (June) 1911 

78 Sexton, D L , and Neuhoff, Fritz Pituitary Infantilism with Diabetes 
Mellitus, Endocrinology 20 856-859 (Nov ) 1936 

79 Buell, Strauss and Andrus, quoted by Buell, Anderson and Strauss 

80 Buell, Mary V , Anderson, I A, and Strauss, Margaret B On Carbo- 
h 3 '^drate Metabolism in Adrenalectomized Animals, Am J Physiol 116 274-281, 
(July) 1936 
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only with salt contained much less glycogen than the livers of normal 
rats subjected to identical conditions At the same time the blood of 
these animals contained several times as much lactic acid as was found 
in the blood of normal rats, in spite of the fact.that the amount of lactic 
acid absorbed from the bowel was in many cases less than that in the 
normal animals In adrenalectomized rats adequately treated with 
adrenal cortex extract the liver was well supplied with glycogen, 
although the blood of these animals contained somewhat moie lactic 
acid than was found in the blood of the normal rabbits Thus, there 
appears to be another function of the liver under the regulation of 
the cortex of the adrenal glands The analogous clinical disturbance 
should be looked for in Addison’s disease Possibly a test for this 
disease might be based on the rate at which a given dose of lactate 
IS disposed of by the patient In diabetic acidosis lactic acid tends to 
accumulate together with the keto-acids Perhaps this may indicate that 
in severe acidosis the function of the adrenal glands is depressed Cer- 
tainly it IS a fact that the amount of sugar excreted by a diabetic patient 
often diminishes after acidosis has developed The sugar content of 
the blood is correspondingly decreased, and Evans has proposed that 
the adrenal cortex has to do with the ability of the livei to convert 
piotein into carbohydrate 

Reference has been made m previous reviews to the experiments 
of Long and Lukens on cats from which both the pancreas and the 
adrenal glands were removed These animals were treated with ade- 
quate doses of adrenal cortex extract and salt and survived for from 
two to four weeks During this time they manifested as little evidence 
of diabetes as do animals after hypophysectomy Particularly noticeable 
was the suppression of ketosis The cortex rather than the medulla 
was thought to be necessary for the maintenance of the diabetic state 
in the depancreatized animals, because cats from which only the medulla 
of the adrenal glands and at a later date the pancreas were removed 
did not show any amelioration of the diabetic condition Rather 
stiangely, the administration of adrenal cortex extract prepaied by 
the method of Swingle and Pfiffner did not aggravate the diabetes, 
as might be expected, even when large doses were given This extract 
appal ently does not contain that factor of the intact cortex of the 
adrenal gland which acts in carbohydrate metabolism, or at least does 
not contain much of it Confirmation and extension of these observa- 
tions, both with dogs and with cats, has been piovided by Berg, Gross, 

81 Evans, Gerald The Adrenal Cortex and Endogenous Carbohydrate For- 
mation, Am J Physiol 114 297-308 (Jan ) 1936 
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Lowenberg and Zucker Their study indicated in then opinion that 
the adrenal gland as a part of an emergency reflex mechanism to pre- 
vent hypoglycemia is not required but that a factor derived fiom the 
cortex IS necessary In the adrenalectomized animal, m the absence of a 
naturally stored substance or of injected adienal cortex extract, a sugai 
content of the blood depressed by insulin is not restoied spontaneously, 
as IS usual The dose of extract in these experiments was from 2 to 5 
dog units per kilogiam per day, from two to five times the requirement 
for maintenance 

Long and Lukens repoited this year that an adrenotiopic fraction 
of the anterior lobe of the hypophysis injected into cats from which 
both the hypophysis and the pancreas previously had been removed 
markedly increased the excietion both of dextrose and of nitrogen 
The extract was obtained from Dr Collip Similar effects weie obtained 
in cats both after feeding and after fasting, even when the animals were 
not exhibiting glycosuria at the time the injections were made The 
volume of urine excreted usually was doubled The amount of dextrose 
could be accounted for on the assumption that it was derived from the 
protein represented by the nitrogen Equivalent amounts of the same 
extract injected into hypophysectomized and depancreatized cats from 
which the adrenal glands also had been removed was without effect 
The interpretation given by the authors was that hypophysectomy prob- 
ably results in this effect on experimentally produced diabetes by reason 
of the accompanying hypofunction of the adrenal cortex, but it is recog- 
nized that this IS not proved If this view is correct, the adrenal cortex 
must contain at least two hormones, one that appears to control the 
metabolism of sodium (or potassium) and another, at present a hypo- 
thetical entity, the function of which is particularly concerned with 
the production of dextrose from piotem (and possibly with certain 
aspects of the metabolism of fatty acids and lactic acid) As yet no 
one has demonstrated the ability of extracts of the adrenal cortex to 
accentuate diabetic conditions in adrenalectomized and depancreatized 
animals, and until such time as this is accomplished the possibility still 
exists that adrenalectomy effects pancreatic diabetes by altering the 
normal secretory activity of the anterioi lobe of the hypophysis 

Long and Lukens have successfully performed experiments involv- 
ing astonishing technical difficulties At several meetings duiing 1936 
they have shown moving pictures illustrating cats that survived success- 
fully and were maintained for many days with salts and adrenal cortex 

82 Berg, B N , Gross, J , Lowenberg, C, and Zucker, T F The Adrenal 
Medulla and Cortex m Relation to Effects of Insulin, Arch Path 22 283 (Aug ) 
1936 Houssay, B A , and Biasotti, A Influencia de la hipofisis y la suprarenal 
sobre la diabetes pancreatica del sapo, Rev Soc argent de biol 12 104-111 (June) 
1936 
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extract after removal of the h3fpophysis, the pancreas and both adrenal 
glands The period of survival and the good geneial condition of these 
animals permitted more satisfactory studies of metabolism than have 
been possible heretofore on adrenalectomized animals 

Fatty Degeneration of the Liver in Panel eatic Diabetes — ^Long 
and Lukens observed m cats that fatty infiltration and degeneration 
of the liver followed total pancreatomy, even though enough insulin was 
provided to control the diabetes However, in cats that previously had 
been either hypophysectomized or adrenalectomized, this disturbance of 
the liver did not occui Denervating the adrenal glands or removing 
only the medulla did not prevent it, and from this they presumed that 
the adrenal cortex was responsible for the fat in the liver and the 
degeneration of the liver that usually characterize pancreatic diabetes 
and that this action of the adrenal glands depended on the presence of 
the hypophysis 

The observation that animals (depancreatized dogs) adequately 
tieated with insulin undergo fatty infiltration and degeneration of the 
liver and then die was made by the first investigators to use insulin 
experimentally The distuibance could be prevented by feeding raw 
pancreas to these diabetic animals, and latei Best showed that feeding 
lecithin, choline or betaine also would prevent the disturbance An 
important observation was reported this year by Dragstedt, Van Pro- 
haska and Harms These investigators confirmed the fact that the 
removal of the pancreas caused the fatty disease of the liver in question 
and that it was not due to the absence of pancreatic juice It was not 
observed in normal dogs with a complete panel eatic fistula or in dogs 
after the pancreatic ducts had been ligated, and administration of active 
pancreatic juice was not of any avail From 100 to 1,100 cc of fiesh 
pancreatic juice was administeied daily without benefit, but it was found 
that 25 Gm of fresh beef pancreas fed daily would both prevent or 
cure the abnormality and permit survival of the animal Ten grams 
of fresh beef pancreas was not sufficient, and boiled pancreas was inef- 
fective An extract from fresh beef pancreas was made, and its admin- 

83 Allan, F N , Bowie, D J , MacLeod, J J R , and Robinson, W L 
Behavior of Depancreatized Dogs Kept Alive with Insulin, Brit J Exper Path 
5 75-83 (April) 1924 

84 Best, C H , Ferguson, G C , and Hershey, J M Choline and Liver 
Fat in Diabetic Dogs, J Physiol 79 94-102 (July 28) 1933 

85 Dragstedt, L R , Van Prohaska, John, and Harms, H P Observations 
on a Substance in Pancreas (a Fat Metabolizing Hormone) Which Permits Sur- 
vival and Prevents Liver Changes in Depancreatized Dogs, Am J Physiol 116 
36-37 (June) 1936 , The Relation of Pancreatic Juice to the Fatty Infiltration and 
Degeneration of the Livers of Depancreatized Dogs, ibid 116 122-123 (June) 
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istration prevented fatty infiltration and degeneration of the liver and 
cured the disturbance after it had developed The extract was fat free, 
and thus its action could not be attributed to lecithin Noi was it due 
to choline, because doses of choline that were several times as laige 
were ineffective The active derivative of the pancreas was prepared 
by extracting the pancreas with 95 per cent alcohol, afterward evapoiat- 
ing the alcohol filtrates at room temperature, diying the residue and 
washing it several times with several volumes of ether The product was 
effective when administered orally in amounts corresponding to 100 Gm 
of beef pancreas 

The clinical bearing of fatty degeneration of the liver in pancreatic 
diabetes and its prevention by the various means suggested are not 
immediately appaient Diabetes in man seldom depends either on com- 
plete destruction of the pancreas or on suppression of its external 
secretion, and, so far as I know in the few cases in which this may be 
true, fatty degeneration of the liver has not been demonstrated In 
2 cases in which diabetes was associated with lesions of the pancreas 
resulting in steatorrhea recently studied at the Mayo Clinic by Bargen, 
Bollman and Kepler,®® no clinical evidence could be obtained of dis- 
turbed function or other abnormality of the liver On the othei hand, 
a large ( fatty liver is seen occasionally in cases of diabetes mellitus 
in which the external function of the pancreas appaiently is intact 
Hansen,®® as has been mentioned, leported a number of instances of 
this abnormality in young diabetic patients but found in eveiy case 
that the hvei diminished m size after a period of treatment with protam- 
ine insulin This suggests that the discontinuous action of insulin, 
when readily soluble (regular) insulin is given by infrequent injection, 
may be responsible for the hepatic degeneration of depancreatized 
animals and that pancreas and derivatives of pancieas given by mouth 
could owe their curative and preventive properties to some action 
whereby a moie continuous insulin effect is maintained 

Fatty degeneration of the liver grossly similar to that obtained in 
diabetic animals has been reported by Judd, Kepler and Rynearson ®'‘’ 
in cases of severe chronic hypoglycemia Two patients were subjected 
to exploratory operations, and specimens of the liver were removed foi 
histologic examination No tumor (insular adenoma) could be found 
These patients were not benefited by treatment with choline or betaine 

86 Bargen, J A , Bollman, J L , and Kepler, E J The “Diarrhea of 
Diabetes” and Steatorrhea of Pancreatic Insufficiency, Proc Staff Meet , Mayo 
Chn 11 737-742 (Nov 18) 1936 

87 Judd, E S , Kepler, E J , and Rynearson, E H Spontaneous Hypo- 
glycemia Report of Two Cases Associated with Fattv Metamorphosis of the 
Liver, Am J Surg 24 345-363 (May) 1934 
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Glyconeogcnesis — Among the evidence frequently quoted as sup- 
porting the theory of glyconeogenesis from fatty acids is that presented 
by Chaikoff and Weber®® They injected epinephrine into depancre- 
atized dogs during fasting and recovered from the urine a larger amount 
of dextrose than they could account for on the assumption that the 
only endogenous source of dextrose is from protein, the glycerol of 
fat and the glycogen present in liver and muscle Bollman, Mann and 
Wilhelmj,®® repeating this work, determined the glycogen content before 
and after injecting epinephrine and reported that the “extra glucose 
obtained was equal to the amount of glycogen removed from the mus- 
cle ” Bachrach, Bradley and Ivy again have repeated the experiment, 
conducting it exactly as originally described by Chaikoff and Weber 
and using Chaikoff and Weber’s values for the maximal amount of 
glycogen to be found in the liver and muscle of depancreatized dogs 

Tabulation of Results, Adapted from Bachiach, Biadley and Ivy 


Number 


of 

Observers Dogs 

Chaikofl and Weber 7 

Bollman, Mann and Wilhelmj 4 

Bachrach, Bradley and Ivy 14 


Nitrogen De-ctrose Extra 

Excreted Excreted Dextrose 

Pre During During m 

Eplnephrme Epinephrine Epinephrine Epinephrine 


Dextrose- 

Nitrogen 

Batio 

Penod, 
Gm per 

Kg 

Penod, 
Gm per 
Eg 

Period, 
Gm per 
Kg 

65 

0 41 

49 

31 

32 

0 89 

22 

12 

24 

0 41 

24 

18 


after three days of fasting All the dextrose excreted under the influ- 
ence of epinephrine could be accounted for without postulating the 
formation of any dextrose from fat 

The accompanying table shows that the discrepancy between the 
lesults of Chaikoff and Weber and those of the later mvestigatois 
is largely contributed to by the dextrose-nitrogen ratio for the period 
immediately preceding the administration of epinephrine The average 
dextrose-nitrogen ratio for this period obtained by Chaikoff and Weber 
was extraordinarily high (6 5) The amounts of nitrogen found by 
all the observers were similar, and the differences all he in the amount 
of dextrose excreted This indicates that the animals of Chaikoff and 

88 Chaikoff, I L , and Weber, J J The Formation of Sugar from Fatty 

Acids in the Depancreatized Dog Injected with Epinephrine, J Biol Chem 76 
813-832 (March) 1928 

89 Bollman, J L , Mann, F C, and Wilhelmj, C M The Origin of 
Glucose Liberated bj’- Epinephrine in Depancreatized Animals, J Biol Chem 93 
83-91 (Sept) 1931 

90 Bachrach, W H , Bradlev, W B , and Ivv, A C Effect of Epinephrine 
on Glucose Excretion in Fasted Depancreatized Dogs, Am J Physiol 117 
203-205 (Oct) 1936 
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Weber had not reached a fasting level and that stored glycogen was 
contributing a larger share of the extra dextrose than they estimated 
Thus honors still rest with Minkowski in this never ending controversy 
as to whether diabetes depends on the deficient utilization or the exces- 
sive formation of sugar 

Exeiase and Caihohydiate Toloance — Courtice and Douglas®^ 
studied the effects of long walks on the metabolism of 2 subjects (them- 
selves), the standard exercise being 10 miles (16 kilometers) at a rate 
of 4)4 miles (7 kilometers) per hour They observed that the respira- 
tory quotient showed rise m the early stages of the walk, enough 
to account for a consumption of 100 Gm of carbohydrate During the 
rest that followed the walk it fell to average figures, between 0 76 and 
0 73 , it remained low for three hours and m one experiment for nine 
and a half hours This was accompanied with moderate ketosis, which 
had not appeared during the walk A diet high in carbohydrate when 
given the day before the experiment prevented such ketosis, but giving 
more carbohydrate the morning of the exercise and a normal diet the 
day before did not The respiratory quotient never fell so low as to 
afford indubitable evidence of the formation of sugar from fat 

In the rest period aftei exercise in these studies the sugar content 
of the blood never fell below normal limits, but the injection of sucrose, 
dextrose or fiuctose gave evidence of a reduced tolerance for sugar 
It was therefore concluded that the function of the endocrine organs 
associated with carbohydrate metabolism may be correlated with the 
varying activity of the muscles and so afford a partial explanation of 
the changes in carbohydrate metabolism which result from severe 
exercise 

Dehydi ation m Diabetes — Formerly it was assumed that the dehy- 
dration of diabetes could be attributed exclusively to glycosuria When 
the concentration of dextrose in the blood exceeded a given threshold 
value, sugai was excreted by the kidneys and carried water with it 
Certainly this was shown to occur, indeed, extreme dehydration could 
be produced when solution of dextrose was injected by vein into nor- 
mal dogs at a rate exceeding the late of utilization This information 
was obtained from an elaborate series of experiments performed years 
ago by Woodyatt and his associates More recently, as more came to 
be known about the role of ions of sodium m the metabolism of water, 
the loss of water in diabetic acidosis came to be explained on the basis 
of ketonmia The ketones, being acids, are eliminated as salts of sodium, 
and loss of water follows the loss of base Now, Himwich and Faze- 

91 Courtice, F C , and Douglas, C G The Effects of Prolonged Muscular 
Exercise on the Metabolism, Proc Roy Soc, London, sB 119 381-439 (March 
2) 1936 
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kas have reported experiments showing that the dehydration in dia- 
betes may occur without ketonuria Partly depancreatized dogs were 
given carbohydrate, fat and piotein in amounts sufficient to maintain 
caloric equilibrium and insulin in doses adequate to prevent glycosuria 
The protein content and the total base of the serum and the oxygen 
capacity of the blood, as well as the nitrogen, dextrose, total base and 
ketone content of the urine, were determined Then the amount of 
dextrose in the diet was increased enough to produce glycosuria uncom- 
plicated by ketonuria The animals sustained a loss of weight associated 
with an increase in the volume of urine and a loss of base in the urine 
That the loss of weight was due to dehydration could be told by the 
increased protein content of the serum and the raised capacity for 
oxygen of the blood Subsequently, after an increase in the amount 
of sodium chloride in the diet the body was rehydrated as the deficit 
of sodium was corrected Thus, although the mechanism of dehydration 
in diabetes may depend primarily on glycosuria, the importance of the 
part played by sodium is again emphasized 

HEMOCHROMATOSIS 

The literature contains only a few scattered references to estima- 
tions of the iron content of the blood in cases of hemochromatosis, 
none being more recent than 1921 The technics employed have been 
improved Therefore, the determinations made by Sachs, Levine and 
Griffith are important Their studies of the blood of 200 normal men 
and women, using the method of Wong, indicated for the men an aver- 
age content of 50 mg of iron per bundled cubic centimeters, with a 
range of from 40 05 to 58 6 mg and a probable error of 2 56 mg The 
figures for women were lower, showing a range from 33 45 to 49 25 
mg , with an average of 42 67 mg and a probable error of 2 13 mg per 
hundred cubic centimeters In 3 cases of hemochromatosis in men (1 
doubtful as to diagnosis) the values for iron ranged from 889 to 
74 4 pel cent of these average figures The copper content of the blood 
exceeded the noimal average by from 9 8 to 18 2 per cent This increase 
for copper was within the normal range and in view of the small num- 
ber of cases was not thought to be significant 

92 Himwich, H E , and Fazekas, J F A Mechanism of Dehj dration m 
Diabetes, Am J Physiol 116 75-76 (June) 1936 
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Exploration radiologique des colons et de I’appendice au moyen des 
solutions floculantes Images de muqueuses By George Maingot, 
Raymond Sarsin and Henn Dulcos Price, 200 francs Pp 229, with 203 
illustrations Pans Masson & Cie, 1935 

From a roentgenologic study of the colon and appendix much valuable infor- 
mation can be obtained regarding these organs which could not be obtained in 
any other manner In order to enhance the value of such a study, it is necessary 
to employ the correct technic in examining these organs and to have a clear 
understanding of the normal roentgenologic appearance of these organs and the 
variations within the normal 

This monograph, prefaced by an excellent dissertation by Dr Antoine Beclere, 
eminent French roentgenologist, clearly explains the modern methods employed 
in examining the colon and appendix by means of the roentgen rays The authors 
explain the roentgen aspects of the anatomy and physiology of the colon and 
appendix Their study of the intestinal mucosa by means of colloidal thorium 
dioxide injected into the bowel is most interesting Aftei the injection of this 
opaque medium the colon is examined (1) under pressure, (2) after the elimination 
of most of the medium and (3) after the injection of air They believe that there 
is a precipitation of the thorium dioxide on the mucosa of the intestine and that 
in this manner certain features of the mucosa are brought out in relief which 
could not be obtained in any other manner Thorium, a radio-active element, 
owing to its high atomic number and specific density has a high absorbability 
rate for the roentgen ray In the form of the dioxide it has been used m visualizing 
the hemoptic and lymphatic systems, and it has been used also in ventriculography 
and urography 

The authors have divided their book into four parts the first part deals with 
technic, the second with symptomology, the third with syndromes and the fourth 
with the appendix The chapter on the appendix is especially interesting and 
instructive Those who still believe that the roentgen rays can offer little in 
the diagnosis of a chronic disorder of the appendix will profit greatly by reading 
this chapter, and only the most skeptical will fail to become convinced of its 
usefulness in this regard 

There is an extensive bibliography appended which represents the work of the 
best known roentgenologists of Europe and America Singularly, however, the 
master of them all has been left out, namely, the late Russell Carmen, of the 
Mayo Clinic The authors could have profited much by consulting the numerous 
works which Carmen published on the gastro-intestinal tract 

The book, which is easy to read and contains numerous beautiful illustrations, 
represents much labor and skill in its construction 

Experimental Studies on a Transmissible Myelomatosis (Reticulosis) in 
Mice By Otto Kaalund-J Jorgensen Translated into English by Robert 
Fraser Price, 12 kroner Pp 142, with 25 illustrations Copenhagen 
Levin & Munksgaard, 1936 

This monograph combines an excellent review of the literature concerning 
leukotic conditions in mice and guinea-pigs and the results of extensive and 
thorough experiments by the author It has been fairly well established in the 
literature that leukosis m fowls can be transmitted by cell-free filtrable agents and 
that transmissible leukosis and filtrable sarcoma of fowls have many properties m 
common Mammalian leukosis has, however, been transmitted only by means of 
living cells The overwhelming majority of the transmissible mammalian leukoses 
hitherto described either have been or have been conceived as being lymphatic 
Only in the last year or so (Furth and others) have reports appeared showing 
the existence of transmissible myeloid leukosis in mammals The author’s expen- 
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merits are concerned with the transmissibility of myeloid leukosis (myelomatosis) 
The use of mice of genetically pure strains is important for successful transmission 
However, insusceptibility to implantation of leukotic cells can in many cases be 
overcome by general exposure of the animal to roentgen rays previous to inocula- 
tion This makes it possible to use mice of unrelated strains The author has 
succeeded in transmitting myelomatosis from mice to irradiated rats His proof 
of the impossibility of transmitting myeloid leukemia by cell-free agents is con- 
vincing It IS shown that myelomatosis can be transmitted by an extremely small 
number of cells (about eight) and that the disease becomes systemic a short time 
after inoculation The determination of the lethal roentgen dose for myelomatosis 
(3,100 to 3,700 roentgens) and the description of the technic and roentgen dose 
used for increasing the susceptibility of mice to transmissible leukosis are valuable 
The neoplastic nature of mammalian leukosis is well supported, and the author 
believes that all human leukosis may well be due to neoplastic processes in the 
hematopoietic system 

There are twenty-four excellent photomicrographs in this book , the one colored 
plate might have been omitted Robert Fraser, the English translator of this 
work, IS to be congratulated, as are also the publishers This monograph is indis- 
pensable to any one interested m experimental leukosis 

An Index o£ Treatment By various writers, edited by Robert Hutchinson, 

M D Eleventh edition Price, $12 Pp 1035, with 147 illustrations Balti- 
more William Wood & Company, 1936 

The first edition of this index appeared in 1907, and evidently the work has 
since had a successful life of twenty-nine years, for new editions have been forth- 
coming at appropriate intervals m an effort to keep it up to date American 
medical men, on the whole, have not been too enthusiastic over it In the book’s 
early days, for example. The Journal of the American Medical Association 
(50 2148 [June 27] 1908) greeted it coldly “The work is intended to provide 
the practitioner with a complete guide to treatment, and the services of a large 
number of eminent authors whose names carry weight with English-speaking 
physicians have been made use of The result is as satisfactory as a book con- 
structed on this plan can well be ” The reviews of subsequent editions have 
been equally lukewarm 

On the other hand, in England the “Index” appears to be more generally 
liked The British Medical Journal has recently said of the latest edition 
“During nearly three decades this well known source of reference has gained an 
established hold in confidence on the profession Once again Dr Robert Hutchin- 
son must be warmly congratulated on his critical acumen as editor and on his 
success m literature and medicine The Index is assured of continuing popularity ” 

One gathers, therefore, that there is a difference of opinion on the two sides 
of the Atlantic regarding the value of a compendium of this kind Admittedly, 
It is well put together, with articles written by distinguished clinicians, and well 
edited As a textbook of treatment, however, most American teachers will con- 
tinue to look askance at it and to describe it, a little superciliously, as being “as 
satisfactory as a book constructed on this plan can well be ” 

The Specificity o£ Serological Reactions By Karl Landsteiner, M D Price, 

$4 Pp 178 Springfield, 111 Charles C Thomas, Publisher, 1936 

This modest book Is a most commendable and systematic presentation and 
discussion of the basic factors of immunity and resistance The author has kept 
consistently to fundamentals and has analyzed them m clear terms This is the 
first concise analysis of the work that has been done on the basis of the present 
knowledge of the chemical specificity of the fundamental factors of the immunologic 
Trinity — ^the antigen, the binding substance and the substrate The evidence is 
reviewed that proves “that serologic properties are intimately connected with 
chemical constitution ” The bibliography of the basic research and the index 
make this small book a necessary and useful reference tool for workers in the 
field of immunology 
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INTAKE OF POTASSIUM, AN IMPORTANT CON- 
SIDERATION IN ADDISON’S DISEASE 

A METABOLIC STUDY 
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EDWARD H RYNEARSON, MD 

AND 
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It has long been lecognized that injections of sodium chloiide are of 
benefit in the treatment of the characteiistic crises of Addison’s disease, 
but it was the quantitative investigation of the electrolytes of the plasma 
by Loeb and his associates ^ and by Han op and his associates - that 
fiist levealed why large amounts of sodium and chloride are lequired 
effectively to combat such crises Their experiments demonstrated that 
the loss of ions of sodium and chloride is one of the principal distur- 
bances leading to the development of the ciisis and that the crisis can 
be prevented by a quantitative replacement of these ions However, 
the results obtained by ti eating patients only with sodium chloiide have 
remained less satisfactory than those obtained when extract of adrenal 
cortex has been given, and no one has succeeded in maintaining indefi- 
nitely the life of a completely adrenalectomized dog by administering 
only sodium chloride Thus, foi some time it has been evident that the 

From the Division of Medicine of the Mayo Clinic (Drs Wilder, Snell, 
Kepler and Rynearson) and the Division of Biochemistry of the Mayo Foundation 
(Drs Kendall and Adams) 

Read before the Association of American Physicians, Atlantic Citj , N J , 
May 5, 1936 An abstract was printed in the Proceedings of the Staff Meetings 
of the Mayo Clinic (11 273-283 [April 29] 1936) 

1 Loeb, R F , Atchley, D W , Benedict, Ethel M , and Leland, Jessica 
Electrolyte Balance Studies in Adrenalectomized Dogs with Particular Reference 
to Excretion of Sodium, J Exper Med 57 775-792 (May) 1933 

2 Harrop, G A , Soffer, L J , Ellsworth, Read, and Trescher, J H Studies 
on Suprarenal Cortex III Plasma Electrolytes and Electrolyte Excretion Dur- 
ing Suprarenal Insufficiency in the Dog, J Exper Med 58 17-38 (July) 1933 



368 


ARCHIVES OF INTERNAL MEDICINE 


course of Addison’s disease is influenced unfavorably by factois othei 
than the supply of sodium chloride 

The next step was the identification of one of these othei factois 
by Harrop and his associates ^ and simultaneously by Allers and one of 
us (Di Kendall),"^ working independently This, namely, is the require- 
ment of more ions of sodium than of chloiide Harrop observed that 
the excietion of sodium was gi eater than the excretion of chloride if 
sodium chloride alone was given to adrenalectomized dogs and that 
while neither sodium chloride nor sodium bicarbonate would maintain 
the lives of such animals, the simultaneous administration of these salts 
would do so Allers and Kendall, attempting to maintain adrenalecto- 
mized dogs with sodium chloiide alone, made the observation that the 
alkali reserve of the blood fell to low levels, and they suspected that 
acidosis was lesponsible foi the failure of these animals to survuve The 
urea content of the blood, which usually is markedly elevated in condi- 
tions of severe adienal insufficienc)q was not elevated in animals receiv- 
ing large amounts of sodium chloride, and when the acidosis was col- 
lected by supplying extia base, as sodium in the form either of sodium 
bicaibonate or of sodium citrate, the dogs lemained in excellent condi- 
tion for indefinite periods 

The piobable beaiing of these obseivations on the successful treat- 
ment of Addison’s disease was emphasized for us by the discovery of a 
patient who, m addition to having a spontaneous ciaving for salt, such 
as frequently occuis in Addison’s disease, which she satisfied by eating 
salt, took generous quantities of sodium bicarbonate because of pyrosis 
She had pieserved her weight and strength without other treatment for 
five yeais The results obtained, howevei, by treating other patients 
with sodium bicaibonate or sodium citrate and sodium chloride remained 
less satisfactory than was desirable Patients would do well for weeks 
or months and then, for no apparent leason, would fail and would 
lequiie injections of extracts of adrenal cortex Thus, other uncontrolled 
factors still remained unrecognized 

Although the results obtained by Harrop and his co-workers and by 
Kendall and Allers ® were similar in regard to the necessity for admin- 
isteimg extia sodium ion with sodium chloiide, they were not similar 

3 Harrop, G A , Soffer, L J , Nicholson, W M , and Strauss, Margaret 
Studies on Suprarenal Cortex IV The Effect of Sodium Salts in Sustaining the 
Suprarenalectomized Dog, J Exper Med 61 839-860 (June) 1935 

4 Allers, W D Influence of Diet and Mineral Metabolism on Dogs After 
Suprarenalectomv, Proc Staff Meet, Mayo Chn 10 406-409 (June 26) 1935 
Allers, W D , Nilson, N W , and Kendall, E C Studies on Adrenalectomized 
Dogs The Toxic Action of Potassium, ibid 11 283-288 (April 29) 1936 

5 Kendall, E C , Mason, H L , M>ers, C S , and Allers, W D A 
Physiologic and Chemical Investigation of the Suprarenal Cortex, J Biol Chem 
114 lin-lviii, 1936 



WILDER ET AL— POTASSIUM IN ADDISON’S DISEASE 369 


in regal d to the maintenance of the normal level of electrol}tes in the 
blood The formei authors stated that “it is only by the exhibition of 
both extract and salt in adequate amounts that entirely normal plasma 
electrolyte levels may be sustained in the totally suprarenalectomized 
dog ” They did not attempt to give a diet which was either low oi 
uniform in its content of potassium The adrenalectomized dogs tieated 
by Kendall and Allers with sodium chloride and sodium citrate were 
given a diet with an unusually low content of potassium Under these 
conditions not only could the animals be maintained indefinitely without 
the use of extiacts of adienal cortex, but the level of the electrolytes 
in the plasma also remained entirely normal Furtheimore, adienalec- 
tomized dogs maintained only with sodium chloride and sodium bicar- 
bonate or citrate without the use of extract of adrenal cortex weie found 
to be surprisingly sensitive to small amounts of potassium m the diet 
If 0 5 Gm of potassium was added to the daily diet of such dogs, a 
state of crisis was produced like that of acute adrenal deficiency This 
occurred even when the animals were receiving liberal supplies of the 
sodium salts named ° 

A preliminary obseivation in a case of Addison’s disease seemed to 
indicate that patients similarly are sensitive to the addition of potassium 
to their diet The following investigation was therefoie undei taken to 
determine (1) whether higher intakes of potassium would consistently 
piovoke substantial losses of sodium and chloride and thus favor the 
development of symptoms of ciisis and (2) whether restricting the intake 
of potassium might be advantageous in the maintenance of patients with 
Addison’s disease, in paiticular whether such restriction might lessen 
the requirement foi sodium salts and extract of adrenal coitex 

PROCEDURE 

Three patients were chosen for investigation , two of them had previously 
been the subjects of metabolic observations, and symptoms of crisis had developed 
on withdrawal of sodium chloride from the diet All revealed the characteristic 
pigmentation and other typical symptoms of Addison’s disease They were placed 
in the hospital under close supervision, and special care was exercised to make 
complete collections of the urine, this being further controlled by daily determina- 
tions of the excretion of creatinine 

Constant diets were served, planned so that their content of ions of sodium 
approximated 0 59 Gm , of chloride 0 91 Gm and of potassium 1 6 Gm , except 
that m period 2 in case 3 (table 3) the food was made to contain 5 8 Gm of 
potassium The composition of the diets m sodium, chloride and potassium 

6 Confirmation of these observations bv experiments performed on cats and 
rats has appeared in a paper by Zwemer and Truszkowski (Science 83 558-560 
[June 5] 1936) since the preparation of this manuscript 
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was estimated from the tables of Sherman " The levels of intake of sodium, 
chloride and potassium were increased in various periods by the addition to the 
diet or the administration separately of weighed amounts of the salts of these 
substances 

ANALYTIC METHODS 

Unite — The various constituents of urine were determined by the following 
analytic methods 

Nitrogen Macro-Kjeldahl 
Chloride Volhard 

Sodium Gravimetric determination of sodium as sodium zinc uranyl 
acetate, using the method of Barber and Kolthoff,^ as modified 
by Butler and Tuthill ° 

Preformed creatinine Folini® 

Total creatinine Folin, the urine being boiled with tnmtrophenol 
Potassium Fiske and Litarczek’-i and Folin^^ 

The Fiske and Litarczek method of analysis for potassium is based on a pre- 
liminary precipitation of potassium as potassium cobaltinitnte and final precipi- 
tation as potassium bitartrate The following precautions and slight modifications 
proved to be of value Extreme care was necessary in washing the precipitate of 
tartrate to insure complete removal of the excess of tartaric acid from the pre- 
cipitate The alcohol was allowed to pass through the filter pads at a rate of 
about 1 cc in three or four minutes Instead of transferring the filter pads after 
the final precipitation, the precipitated tartrate was removed by allowing hot 
water to pass slowly through the filter pads so that the potassium bitartrate was 
completely dissolved This permits the use of the same filter pads for a series 
of determinations A more dilute solution of sodium hydroxide (0005 to 001 
normal) was used for the final titration, and the solution was stirred during 
titration with air freed from carbon dioxide An 0 02 per cent solution of phenol 
led was used as the indicator Under these conditions, with a solution of purified 
potassium chloride containing from 2 to 4 mg of potassium, the average recovery 
of potassium was 99 6 per cent The data reported were obtained both from 
ashed and from unashed samples, with, in general, excellent duplication of 

7 Sherman, H C Chemistry of Food and Nutrition, ed 3, New York, The 
Macmillan Company, 1926, p 587 

8 Barber, H H , and Kolthoff, I M A Specific Reagent for the Rapid 
Gravimetric Determination of Sodium, J Am Chem Soc 50 1625-1631 (June) 
1928, Gravimetric Determination of Sodium by the Uranyl Zinc Acetate Method 
II Application m the Presence of Rubidium, Cesium, Potassium, Lithium, Phos- 
phate or Arsenate, ibid 51 3233-3237 (Nov ) 1929 

9 Butler, A AI , and Tuthill, Elizabeth An Application of the Uranyl Zinc 
Acetate Method for Determination of Sodium in Biological Material, J Biol 
Chem 93 171-180 (Sept) 1931 

10 Folm, Otto On the Determination of Creatinine and Creatine in Urine, 
J Biol Chem 17 469-473, 1914 

11 Fiske, C H, and Litarczek, George A New Method for Potassium, J 
Biol Chem 67 xvi-xvii, 1926 

12 Folin, Otto Laboratory Manual of Biological Chemistry, ed 5, New York, 
D Appleton-Century Company, Inc, 1934, pp 177-179 and 239 
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results If, however, the specimens of urine had been made acid \vith sulfuric acid 
to prevent a loss of nitrogen, satisfactory results could be obtained only by ashing 
the samples before the analysis was made If hjdrochloric acid had been used, 
ashing was not necessary, although in all cases a preliminary e\aporation of the 
sample ivas made m order to remove the excess acid 

Blood Senwi — The following analytic methods were used for blood serum 
Sodium Butler and Tuthill’s modification of Barber and Kolthoff’s method 
Chloride Open Carius method as applied by Van Slyke 
Potassium A dry sodium cobaltinitnte reagent was prepared according 
to the method of Fiske and Litarczek The determinations 
were made of extracts of serum ashed in the muffle, with the 
precautions necessary to a\oid loss of potassium and sodium 
The potassium was precipitated as sodium jxitassium cobalti- 
nitrite, according to the conditions of Fiske and Litarczek 
but omitting digestion wuth nitrohydrochloric acid The pre- 
cipitate was centrifugated, and the potassium was titrated with 
potassium permanganate, according to the method of Kramer 
and Tisdall 


PROTOCOLS 

Case 1 — Obscivatton as to the Effect of the Level of Intake of Potassium on 
Addison’s Disease — The subject of this study was a woman 39 5 ears of age who, 
except for minor ailments, was well until August 1933 She then began to lose 
weight and strength and observed increasing pigmentation of the skin In August 
1934 she became suntanned, and the tan never faded After April 1935 the pig- 
mentation became deeper, and weakness increased to such an extent that the patient 
took to her bed She recently had been treated with injections of a commercial 
extract of adrenal cortex i'* and for several months had of her own accord been 
taking extra sodium chloride by mouth because of a marked craving foi it She 
first came to the clinic and was admitted to the hospital on Nov 11, 1935 

Examination revealed diffuse pigmentation of the skin and mucous membranes, 
associated with many black freckles The systolic blood pressure in millimeters 
of mercury was 92 and the diastolic 64 Roentgenograms revealed no evidence of 
tuberculosis of the lungs and no calcification in the region of the adrenal glands 
The flocculation test for syphilis was negative The values for the sodium chloride 
in and for the carbon dioxide-combining power of the blood were normal The 
value for blood urea also was normal 

Observations from November 15 to December 2 (metabolic data in table 1 and 
chart 1, period 1) On November 15 the daily intake of potassium was lowered 
to an amount not greater than 1 6 Gm This was accomplished by suitably 
adjusting the diet For the next ten days 12 Gm of extra sodium chloride was 
administered daily by mouth, making a total intake of about 18 Gm of sodium 
chloride Five grams of sodium citrate also was given daily Adrenal cortex 

13 Van Slyke, D D The Determination of Chlorides in Blood and Tissues, 
J Biol Chem 58 523-529 (Dec) 1923 

14 Kramer, Benjamin, and Tisdall, F F A Clinical Method for Quantitative 
Determination of Potassium in Small Amounts of Serum, J Biol Chem 46 339- 
349 (April) 1921 

15 The preparation used was eschatin 
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extract was withheld The condition of the patient remained very good , in fact 
It was distinctly better than at the time of her admission to the hospital She was 
able to get up from bed and to be around in the halls of the hospital every da> 
She slept well and ate practically all the food that was served to her 
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16 Except when otherwise specified, the extract of adrenal cortex adminis- 
tered in these cases was cortin prepared in the laboratory of the Division of Bio- 
chemistrj" of the Mayo Foundation 
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s 

' On November 25 the extra sodium salts were withheld This reduced the 

intake of sodium chloride to about 6 Gm a da}, namely, to the salt naturall} 
contained m the food and the 4 5 Gm of sodium chloride used in seasoning 
the food On November 27 the sodium chloride used as seasoning was omitted, 
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which reduced the intake of sodium chloride to not more than 1 5 Gm On 
November 27 the patient felt well and that night slept well On the following 
day, November 28, she was weaker, and on November 29 she was unable to walk 
to the scales to be weighed Her sleep tvas somewhat disturbed by restlessness, 
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nevertheless, she continued to feel well, and nausea, hiccup, abdominal pain and 
other symptoms of impending crisis were absent In addition, the pulse was 
strong, and all the food served was eaten On December 2, the eighth day after 
the intake of sodium and chloride had been restricted, the patient fainted while 
being weighed Restlessness was increasing, and there was some nausea Despite 
this the patient's condition did not suggest the development of a definite crisis 
During this period of seven days in which the patient had been deprived of 
sodium chloride, the urinary excretion of sodium and chloride steadily fell, and 
by December 1 the output m the urine both of sodium and of chloride was 
not much in excess of the intake of these ions In other words, the metabolic 
response to the restriction of sodium chloride was very nearly like that which is 
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Chart 1 (case 1) — Metabolic studies of a patient with Addison’s disease 


observed m health , namely, the excretion was diminished sufficiently so that a loss 
of sodium and chloride was avoided A slight depression of the levels of the 
ions of sodium and chloride in the blood plasma and an increase of the potassium 
ions to a high normal level were noted 

In the interval from December 2 to December 15 the patient was given extra 
sodium chloride and sodium citrate by mouth daily In addition, 10 cc of extract 
of adrenal cortex was injected on December 7 and again on December 8, the 
purpose of this being to insure as adequate body stores of sodium and chloride as 
may have existed on November 25 During this interval the intake of potassium 
was held at the low level of approximately 1 6 Gm a day The general condition 
of the patient became very satisfactory, certainly it was as good as before 
November 25 Beginning December 11 the sodium salts were administered by 
intravenous perfusions at twelve hour intervals so that changes could be made m 
the intake of salts without the patient’s knowledge 
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Observations from December 15 to 29 (metabolic data in table 1 and chart 1, 
period 2) From December 16 to 24, inclusive, 6 6 Gm of potassium citrate ^\as 
added to the perfusing fluids This amount represented 2 4 Gm of potassium and 
thus increased the daily intake of potassium from 1 6 to 4 Gm The increased 
intake of potassium was followed immediately by a markedly increased excretion 
of both sodium and chloride On December 18 the sodium salts \\ere removed 
from the perfusing fluids, being replaced by dextrose, and the intake of sodium 
and chloride thus was reduced to the 6 Gm of sodium chloride contained m the 
food and its seasoning The excretion of sodium chloride continued high and 
by the morning of December 19, just twenty-four hours after the withdrawal 
of the extra sodium salts, the patient was definitely worse, she had lost 3 pounds 
(13 Kg ) and was very weak and sick 

On the evening of December 19 sodium chloride and sodium citrate were given 
by vein, and on December 20 the administration of sodium salts by mouth was 
resumed, also 20 cc of adrenal cortex extract was administered 

On December 21 the patient was much improved, and on December 22 she 
was still strong 

On December 23 the sodium salts again were withdrawn, the intake of 
potassium continuing unchanged, and the following morning, December 24, the 
patient again was seriously weak and nauseated The deleterious effect of these 
relatively small doses of potassium citrate being greatly in evidence, the observa- 
tions were brought to a close 

The patient was restored to a satisfactory condition by the intravenous injec- 
tion of sodium chloride and sodium citrate The intake of potassium was dimin- 
ished to the previous level of 1 6 Gm a day, and after December 25 only 5 Gm 
of extra sodium chloride and 2 5 Gm of sodium citrate was given daily by 
mouth On December 29 the patient was permitted to return to her home on 
this regimen 

In this case of Addison’s disease of consideiable seventy the evidence 
indicates that a iigid lestiiction of sodium and chloiide caused little 
disturbance of the metabolism of sodium and chloride and was reason- 
ably well toleiated when the intake of potassium was low (16 Gm a 
day) but that the addition of only 2 4 Gm of potassium, as potassium 
citrate, piovoked an increased excretion of sodium and chloiide Undei 
these ciicumstances restriction of the intake of sodium and chloride 
precipitated symptoms of a crisis of Addison’s disease In the obser- 
vation reported the addition of potassium citrate and the withdrawal of 
sodium salts were accomplished without the patient’s knowledge, as all 
salts except the small amounts contained in the food were admmisteied 
by intravenous pei fusion What appears m chart 1 to be a positive 
balance for sodium and chloiide in peiiod 2 of this experiment possibly 
IS explained by the excietion of sodium and chloride m the feces 
Analyses of the feces weie not made 

Case 2 — Ohscivahons as to the Effect of the Level of Intake of Potassium on 
Addison’s Disease, Also the Effect of Diwctic Diiigs — The subject of this studv 
was a woman 33 years old vho, with the exception of diphtheria at the age of 3 
\ears, a nervous breakdown at the age of 16 and rather frequent colds, was 
reasonabU w'ell until 1930 A severe infection of the upper respiratorv tract. 
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called “flu,” confined her to bed for a week in 1930, and from this she recovered 
very slowly The body weight had been 148 pounds (67 1 Kg ) before, but it 
fell gradually, and the patient also lost endurance She first noticed pigmentation 
of the face in 1933, which gradually involved the entire bod> In 1935 a dentist 
called her attention to discoloration of the margins of the gums Early in 1935 
frequent attacks of hiccup, much nausea and anorexia and greatly increased weak- 
ness developed During a menstrual period in July there were severe pains in 
the lower part of the abdomen A physician was called A diagnosis of Addison’s 
disease was made, and treatment was started with daily injections of a commercial 
extract of adrenal cortex For some time before this the patient had craved 
salt and had used salt in place of sugar 

The patient first came to the clinic on Jul}^ 19, 1935 She then was as dusky 
as a Negress and was deeply pigmented on the palms and fingers of the hands, 
over the bridge of the nose, around the mouth and at the points of pressure The 
gingival margins also were pigmented She was very weak and weighed 107 
pounds (48 5 Kg) The blood pressure was 114 mm of mercury systolic and 72 
diastolic The pulse rate was normal Roentgenograms revealed no evidence of 
tuberculosis of the lungs and no calcification in the region of the adrenal glands 
The value for hemoglobin was 10 9 Gm per hundred cubic centimeters The 
flocculation test for syphilis was negative 

Under treatment with extract of adrenal cortex, sodium chloride and sodium 
citrate improvement was observed, and the patient soon said she felt as well as 
at any time after the onset of her illness An attempt was made at this time 
to restrict the intake of sodium and chloride and to give only extract of adrenal 
cortex This was only moderately successful, and when the administration of 
extract of adrenal cortex was discontinued, the sodium content of the blood serum 
fell from 313 to 282 mg per hundred cubic centimeters, the urea content rose 
from 30 to 40 mg and symptoms of crisis developed within forty-eight hours 
The diet at that time probably contained about 4 Gm of potassium 

After restorative treatment had been given the patient left for her home with 
instructions to take extract of adrenal cortex daily as well as 10 Gm of extra 
sodium chloride and 1 level teaspoonful of sodium bicarbonate At a visit to the 
office on September 26 she was stronger, her w'eight had increased to 115 pounds 
(52 1 Kg ) and she was free from symptoms Her blood pressure was 115 mm 
of mercury systolic and 70 diastolic At another visit on November 8 she was 
feeling very well Her blood pressure was 118 systolic and 72 diastolic She 
had been able to work at household tasks 

On December 21 for no reason that was apparent at the time, symptoms of 
crisis developed suddenly hiccup, nausea, vomiting, abdominal pain and great 
weakness It is not improbable that the episode was precipitated by eating dates, 
figs, nuts and other “holiday foods” with a high content of potassium More 
extract of adrenal cortex and more sodium chloride were given, but improvement 
was slow The patient returned to the clinic on Jan 16, 1936, and was placed 
m the hospital on that date 

Observations from Jan 18 to Feb 1, 1936 (metabolic data in table 2 and 
chart 2, period 1) A study was made of the effect of restricting the intake of 
sodium and chloride with the intake of potassium at a low level On January 18 
the diet was adjusted so that its estimated content of potassium was 1 6 Gm The 
total intake of sodium chloride was made to approximate 16 Gm a day, and 
sodium citrate was given in a daily dose of 5 Gm The administration of extract 
of adrenal Cortex was discontinued 
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On January 20 the patient was comfortable, and the intake of sodium salts 
was reduced to the sodium chloride contained in the food and its seasoning (15 
Gm in the food and 4 5 Gm used as seasoning) The patient became weaker, 
and on January 24 some hiccup, vomiting and abdominal pain occurred On 
January 25 and 26 she was free from these symptoms but continued to be weak, 
and it was decided that the amount of salt required by the patient exceeded what 
she was receiving i’’ 

During this period of seven days in which the intake of sodium chloride w'as 
restricted, the urinary excretion of sodium and chloride steadily diminished, and 
after the third day the output in the urine was less than the intake On the 
other hand, the levels of sodium and chloride in the blood declined, and the urea 
content of the blood increased from 24 to 42 mg per hundred cubic centimeters 
The patient lost 1 2 Kg in weight during the first three days but thereafter lost 
no more 

On January 27 the intakes of sodium and chloride were increased Between 
January 30 and February 5 the condition of the patient w'as again entirely satis- 
factory 

Observations from February 6 to 14 (metabolic data in table 2 and chart 2, 
period 2) A study was made of the effect of increasing the intake of potassium 
On February 6 the daily intake of potassium, which up to that time had remained 
at approximately 1 6 Gm , was increased to 4 Gm by the administration daily 
of capsules of 6 6 Gm of potassium citrate (2 4 Gm of potassium) The admin- 
istration of extra sodium chloride and sodium citrate was not interrupted Nausea 
developed on the afternoon of the first day of administration of the extra amount 
of potassium The next day, February 7, the face was drawn, and the patient 
was hiccuping That night she was restless and sleepless On February 8 the 
weakness had increased, and by the morning of February 9, after another <-leep- 
less night, the patient was extremely weak, and the respirations were irregular 
A crisis was impending The patient’s weight had fallen from 47 7 to 45 6 Kg 
in four days The urinary excretion of sodium and chloride was markedly 
increased, the levels of sodium and chloride m the blood fell and a retention of 
potassium and urea was evident The potassium content increased from 18 8 to 
27 6 mg per hundred cubic centimeters 

On February 9 restorative treatment was administered It consisted of the 
intravenous injection of large amounts of sodium chloride, sodium citrate and 
extract of adrenal cortex, and by February 15 the patient again felt well and 
had regained her lost weight 

17 A later review of the record of this case gives the impression that the 
restriction of sodium and chloride between January 20 and 27 would have been 
tolerated better had the patient not been menstruating Menstruation started on 
January 21 and continued until January 27 All the pain was pelvic At no time 
did the clinical picture resemble that of an impending crisis Thus the weakness 
never was such that the patient could not stand for her daily weighing Her 
face did not look drawn, and the respirations never were of the hyperpneic type 
usually observed when a patient is in a serious condition 

18 This patient, receiving abundant sodium and chloride, reacted less stormily 
to the higher intake of potassium than the patients in cases 1 and 3, who had 
much smaller intakes of sodium and chloride Unquestionably the high intakes 
of sodium and chloride protected her, but unquestionably the protection afforded 
was inadequate. The evidence is conclusive that potassium and potassium alone 
seriously aggravated her condition 
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Observations from February 15 to 23 (metabolic data in table 2 and chart 2, 
period 3) A study was made of the effect of diuresis produced by the admin- 
istration of ammonium nitrate and salyrgan As considerable diuresis character- 
istically accompanies the development of symptoms of a crisis in patients with 
Addison’s disease and since it accompanied the development of the critical con- 
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ditioii in this case when potassium was administered and because such a loss 
of water alone might account for the loss of chloride and consequently for the 
symptoms, control obsery^ations were made in this third period after the admin- 
istration on February 16, 17 and 18, respectively, of diuretic doses of ammonium 
nitrate This salt provoked an increased xmlume of urine and the loss of 1 4 Kg 
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of weight Some nausea occurred, and on February 17 the breakfast was vomited , 
also, there was some increase in weakness but not enough to interfere with the 
patient’s being up and about On the morning of February 19 she said she felt 
very well A loss of sodium chloride did not accompany the diuresis provoked 
by this administration of ammonium nitrate, and the concentrations of the electro- 
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lytes of the blood were not altered On February 20 1 cc of salyrgan was 
administered intiavenously This also produced no ill effects 

On February 21 and 22 the patient felt very well, and on Febiuary 23 she 
was dismissed, with instructions to continue on the diet low in potassium and to 
take 10 Gm of “extra” sodium chloride and 5 Gm of sodium citrate daily 
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In this case of Addison’s disease of great seventy a lestiiction ot 
the intake of potassium to appioximately 1 6 Gm a day permitted 
limiting the sodium and chloride to the salt m the food and that used 
for Its seasoning (6 Gm ) foi a period of six days In period 2 
increasing the intake of potassium from 1 6 to 4 Gm a day, by giving 
potassium as potassium citiate in capsules, piecipitated a markedly 
increased urinary excretion of sodium and chloride and the rapid 
development of symptoms of a crisis of Addison’s disease This occuired 
despite the administration of extia sodium chloride and sodium citrate 
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Chart 2 (case 2) — Metabolic studies of a patient with Addison’s disease 


In period 3 the diuresis produced by the administration of ammonium 
nitrate was not accompanied with a loss of sodium and chloride or with 
the development of serious symptoms 

Case 3 — Obseivafion on the Effect of the Level of Intake of Potassium m 
Addison’s Disease — The subject of this study was a woman aged 37 who in 
1913 had had an operation for acute tuberculous salpingitis and peritonitis 
Signs and symptoms referable to Addison’s disease developed in the autumn of 
1933, consisting of fatigue, anorexia, loss of weight, a few black freckles and 
slight pigmentation of the gums 

When the patient was examined at the clinic in February 1934, Addison’s dis- 
ease was suspected, despite the absence of diffuse bronzing of the skin Eight 
grams of “extra” sodium chloride was prescribed in the form of pills This treat- 
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ment was reasonably effective, and at the time of a second visit, in September 
1934, the condition of the patient was at least no worse than it had been 

The patient was placed m the hospital m September 1934 In order to settle 
any doubts about the diagnosis of Addison’s disease, the salt pills were withheld, 
and the diet was made salt poor Nausea and hiccup developed almost at once, 
and within two days the patient was in a state of collapse, with severe abdominal 
pain and cyanosis Injecting sodium chloride and extract of adrenal cortex 
restored her, and she was then treated with extract of adrenal cortex without extra 
salt, the salt m the food amounting to approximately 6 Gm The patient stood 
this for about three days, when she collapsed, so that restorative doses of sodium 
chloride again were needed Later, while receiving treatment with extract of the 
anterior lobe of the pituitary gland, she tolerated restriction of sodium chloride 
for eight days,i® as has been described before -o 

The patient returned to her home, under continuous treatment wuth extract of 
adrenal cortex and extra sodium chloride, and remained well until about February 
1 She was then brought to the hospital in impending crisis, which had developed 
following an attack of infection of the upper respiratory tract Restorative treat- 
ment was administered, and the patient remained well until the period of observa- 
tion reported here She entered the hospital at our request on October 6 She had 
been receiving daily 3 cc of extract of adrenal cortex bv subcutaneous injection 
and 10 Gm of sodium chloride and 1 level teaspoonful of sodium bicarbonate by 
mouth Examination revealed no abnormality not previously noted, except some 
pigmentation of the skin of the knees and wrists and of the creases of the palms 
Roentgenograms of the region of the adrenal glands did not reveal calcification 
Observations from October 6 to November 3 (metabolic data m table 3 and 
charts 3 and 4, period 1) A study was made of the effect of restriction of the 
intake of sodium and chloride with the intake of potassium at a low level On 
October 6 the diet was made to contain approximately 1 6 Gm of potassium and 
6 Gm of sodium chloride In addition between October 6 and IS, 10 Gm of 
sodium chloride and 5 Gm of sodium citrate were given by mouth The dose of 
extract of adrenal cortex was continued as before at 3 cc a day 

On October 7 the sodium chloride in the blood serum measured 676 mg per 
hundred cubic centimeters, the sugar 78 mg and the urea 30 mg 

On October 16 the administration of “extra” sodium chloride and sodium 
citrate was discontinued, and the sodium chloride in the food was restricted to a 
maximum of not more than 1 5 Gm a day At the same time the dose of extract 
of adrenal gland was increased to 15 and later to 25 cc a day Menstruation 
commenced on October 18, and with it there was some cramping in the lower 
part of the abdomen, together with \veakness and vertigo Otherwise there were 
no untoward symptoms On October 20, although menstruation was continuing, 
the unpleasant abdominal cramps had disappeared, and the patient looked and felt 
very well She walked two miles Her appetite was good A week later, on 

October 27 she was still m good condition Twelve days without trouble had 

19 This experiment needs repeating in the light of our present knowledge of 

the importance of controlling the potassium content of the diet 

20 Wilder, R M The Use of Anterior Lobe Pituitary Extract in the Treat- 
ment of Addison’s Disease, Proc Staff Meet, Mayo Clm 9 689-693 (Nov 14) 
1934 
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then passed since the intake of sodium and chloride had been so rigidly restricted 
During that time the sodium and chloride contents of the urine had decreased, as 
they would under similar conditions m the urine of a person in good health who 
had been deprived of sodium and chloride, thus the body stores of these elements 
were but little affected 
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• The_specimon of urine reported on represents that passed from 7 a m to 7 
dition at 7 p m , and 20 cc more of extract of adrenal cortex was given after 7 p 


p m on _ 
m , with 800 cc 


January 13, a twelve i 

800 cc of a solution containing 


On October 28 the administration of extract of adrenal cortex was discon- 
tinued On October 29 and 30 there were no symptoms The patient’s sleep dur- 
ing the night of October 30 and 31 was broken between 12 and 2 a m by 
restlessness On October 31 weakness was increasing, and the appetite was lost 
That night sleep x\as again broken b 3 ' restlessness Until then the patient had 
been up and about and had et en been outdoors for short walks On November 
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1 the patient rose, dressed and attended Sunday services in the building She 
complained of weakness and noticed some pain in the epigastrium, some nausea 
and some deafness These symptoms were minimal The sodium and chloride 
contents of the blood plasma remained virtually unchanged, and the blood urea 
and serum potassium remained at normal values On November 3 it was decided 
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figures Ehould be multiplied by 2 for comparison with previous twenty four hour collections The patient was in a eritieal con 
of sodium chloride and 4 Gm of sodium citrate 

to resume the previous treatment with sodium chloride and sodium citrate, 
although the experiment could doubtless have been continued longer 

On November 3 the patient was permitted to go home, where she continued 
in good condition without having to resort to injections of extract of adrenal 
cortex except for a few days m December after an infection of the upper respira- 
tory tract Her diet was adjusted so that the intake of potassium did not exceed 
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2 0 Gm a day, and she was allowed 10 Gm of sodium chloride and 5 Gni of 
sodium citrate a day by mouth She felt well and was able to do her housework 
She returned to the hospital at our request on Jan 5, 1936 

Observations from Jan 5 to 17, 1936 (metabolic data in table 3 and charts 

3 to 5, period 2) A study was made of the effect of increasing the intake of 
potassium m the food From January 5 to 7, inclusive, the diet was adjusted so 
that the intake of potassium did not exceed 1 6= Gm a day Extra sodium chloride 
and sodium citrate were administered by mouth This regimen approximated that 
to which the patient had been adhering for the preceding two months 
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Chart 3 (case 3) — Metabolic studies of a patient with Addison’s disease 

On January 8 the level of the intake of potassium was increased to 5 8 Gm 
a day This was accomplished by the inclusion in the diet of foods rich in 
potassium Within twenty-four hours significant disturbances were observed m 
the urinarj' excretion of sodium and chloride and in the level of the sodium and 
chloride in the blood The excretion of sodium and chloride increased Diarrhea 
occurred on January 10 and 11 It was arrested by a dose of bismuth subnitrate 
and b\ arranging the diet so that it contained less laxative foods This reduced 
the intake of potassium to 5 5 Gm a da\ It was suggested that the high intake 
of potassium was responsible for the diarrhea, the symptom having been observed 
occasionally in adrenalectomized dogs Extract of adrenal cortex was given m 
small doses beginning on January 11 

On January 11, although the diarrhea had stopped, the patient was weak On 
Januarj' 12 she felt as sick as she had at anv time in the period from Oct 16 
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to Nov 3, 1935, although on Jan 11 and 12, 1936, she was receiving sodium 
salts in large doses and extract of adrenal cortex m a small dose, and from Oct 
15 to Nov 3, 1935, the intake of sodium and chloride were restricted to a mini- 
mum, and after October 27 she received no extract of adrenal cortex She com- 
plained on January 13 of a great loss of strength, of deafness and of epigastric 
distress She was apprehensive and depressed On January 13 the “extra” sodium 
chloride and sodium citrate t\ere withheld, the total intake of sodium and chloride 
being reduced to that contained in the food Anorexia prevented the patient from 
eating much of the food At 1 10 p m , after the noon meal, an episode of hic- 
cupping occurred which lasted for ten minutes At 3 p m the patient tried to 
walk but could not stand At 7 30 p m she was very weak and was failing 


Na Cl K Urea 



25 26 26 a9 30 31 1 2 3 5 6 7 6 9 10 11 12 15 

October November January 


Chart 4 (case 3) — Further metabolic studies of a patient with Addison’s disease 

rapidly The respirations were hyperpneic, the radial pulse was palpated with 
difficulty and the patient looked haggard Between 7am and 7 p m she 
had passed nearly 2,000 cc of urine, and her body weight had declined 2 pounds 
(0 9 Kg ), it being 4 pounds (18 Kg ) less than on January 9 A crisis obviously 
impended, and restorative treatment therefore was necessary that evening A 
solution containing 16 Gm of dextrose, 16 Gm of sodium chloride, 4 Gm of 
sodium citrate and 20 cc of extract of adrenal cortex was administered 

On January 14 the patient felt well until m the afternoon, when again she 
had some symptoms of adrenal insufficienc}'^ Another intravenous injection was 
given Her condition then was good, and by January 17 the lost weight had 
been regained and she could be permitted to return to her home 

111 this case of Addison’s disease of moderate severity the evidence 
IS conclusive of intolerance to potassium and benefit by limiting the 
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intake of it In the period elapsing from Jan 5 to 14, 1936, when the 
food provided from 5 5 to 5 8 Gm of potassium, large losses of sodium, 
chloride and nitrogen occurred, togethei with marked creatinuria (charts 
3 to 5) This occurred despite a large intake of sodium and chloride 
and the administration of small doses of extract of adrenal coitex In 
an earlier period, from Oct 27 to Nov 6, 1935 , when the diet was so 
constructed that the daily intake of potassium did not exceed 1 6 Gin , 
the patient tolerated an almost complete deprivation of sodium and 
chloride for a period of seventeen days Extract of adrenal cortex was 
administered during the first twelve days of this period but not during 
the last five 


Period II 



January 

Chart 5 (case 3) — Further metabolic studies, period 2 

Of Significance also is the fact that with a diet low in potassium 
and only moderate doses of extra sodium and chloride, the patient 
lemained in good health at home for sixty-six days without the benefit 
of injections of extract of adrenal cortex, which previously, when 
attention was not directed to the potassium content of the diet, had been 
necessary 

The ill eftect of the laiger intake of potassium fiom Jan 8 to 13, 
1936, inclusive, is not attiibutable to diuiesis The amount of watei 
excreted daily was not more than that excreted between Oct 16 and 
Nov 3, 1935, when the intake of potassium was lowei The con elation 
IS with the urinary excretion of sodium and chloride — in the periods 
when the intake of potassium was low the excretion did not greatly 
exceed the intake of sodium and chloiide, m the period when the intake 
of potassium was high it did 
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COMMENT 

That potassium is toxic when perfused thiough the isolated heart 
or other muscles or when injected in sufficient amounts into an intact 
animal is a matter of common knowledge Also that the kidney of a 
patient with adienal insufficiency is relatively less competent than normal 
has been known since its demonstration m 1916 by Marshall and Davis 
Hastings and Compere -- in 1931 showed that the concentration of 
potassium in the blood of dogs increases af tei the i emoval of the adrenal 
glands The concentiation before death reached 20 milhmols per liter, 
a value which was found to be compaiable to the concentration of 
potassium in the blood of normal dogs killed by the injection of a 
large amount of potassium Then statement that this observation 
“might be of importance in reaching an understanding of the cause of 
death following the functional or surgical removal of the supraienal 
glands” proves to have been prophetic 

Concentrations of plasma potassium as great as those lecorded by 
Hastings and Compel e have not been encountered among patients with 
Addison’s disease, but that retention of potassium may occur in Addi- 
son’s disease has been shown by Loeb and others In twenty-four 
cases Maranon and Collazo used Kramer’s method of analysis and 
obtained values langing from 21 7 to 49 5 mg per hundred cubic centi- 
meters (5 5 to 12 7 milhmols per liter) The normal concentration of 
potassium in the plasma is fiom 16 to 20 mg per hundred cubic centi- 
meters (4 to 5 milhmols per liter) The Spanish investigatois attributed 
the dehydration of Addison’s disease to a disturbance of equilibrium 
between the potassium and the sodium of the plasma and made the sug- 
gestion that one of the physiologic activities of the hoimone of the 
adrenal cortex is the maintenance of this legulation This equilibrium 
IS not easily disturbed If one adrenal gland lemams intact, as was 
shown by Loeb, Atchley, Benedict, and Leland,^ large doses of potassium 
salts may be given without harm In one experiment from 5 to 7 Cm 
of potassium chloride was administered daily to a dog deprived of one 
adrenal gland, with the purpose of inducing an increased excietion of 
sodium No loss of sodium occurred, and the proportions of potassium 
and sodium m the plasma remained unchanged 

21 Marshall, E K, Jr, and Davis, D M The Influence of the Adrenals on 
the Kidneys, J Pharmacol & Exper Therap 8 525-550 (Sept ) 1916 

22 Hastings, A B , and Compere, E L Effect of Bilateral Suprarenalec- 
tomy on Certain Constituents of the Blood of Dogs, Proc Soc Exper Biol & 
Med 28 376-378 (Jan ) 1931 

23 Loeb, R F Chemical Changes in the Blood in Addison’s Disease, Science 
76 420-421 (Nov 4) 1932 

24 Maran6n, G , and Collazo, J A Die Deshydnerung m der Addisonschen 
Krankheit und ihr Mechamsmus, Wien Arch f mn Med 27 189-200, 1935 



388 


ARCHIVES OF INTERNAL MEDICINE 


Urechia and his collaboiatois suggested that the toxicity of the 
potassium ion and its action on muscle fibei explain the asthenia of 
Addison’s disease, and Nicholson and Softer obtained a striking cor- 
relation between the concentration of potassium in the plasma of adienal- 
ectomized dogs and the auricular fibrillation not infrequently encountered 
after adi enalectomy The value for potassium in the animals in which 
fibrillations developed was never less than 52 mg per hundred cubic 
centiraeteis (13 3 milhmols pei htei), and in one animal it reached 92 5 
mg per hundred cubic centimeters (23 6 milhmols per liter) Aurictilai 
fibrillation has not been lecorded m Addison’s disease, but probably it 
has been looked for infrequently m the terminal stages, when the leten- 
tion of potassium is at its maximum 

Harrop and his associates (1933) also considered the extreme 
musculai weakness of adrenalectomized dogs to be due in pait to the 
disturbance in the lelative concentration of the basic ions m the tissue 
and body fluids and obseived further that adi enalectomized dogs main- 
tained with an extiact of adienal coitex and fed exclusively on meat 
(a food iich in potassium) weie unusually sensitive to withdrawal of 
the extract Haiiop and his co-workers have also pointed out that the 
consequence of the loss of sodium chloride and water through the kid- 
neys of adrenalectomized dogs recalled the studies of Gamble and his 
associates on dogs which had lost sodium chloiide and water by drainage 
of panel eatic juice from a Pavlov fistula “The greater rapidity of the 
appearance of seiious symptoms on a meat diet without added salt, in 
which the fixed base is m laige part potassium, and hence unsuited to 
the repan of plasma and the interstitial fluid loss was striking and also 
in keeping with the effects m supiarenalectomized dogs deprived of 
extract ” Gamble and IMcIver in one of then papers commented on an 
earlier obseivation of Pavlov that a milk diet will considerably prolong 
the survival period of dogs suffering from a deficit of sodium resulting 
fiom a pancreatic fistula 

25 Urechia, C I , Benetato, G , and Retezeanu Le potassium sanguin apres 
extirpation des glandes surrenales, Compt rend Soc de biol 119 439-440 (March 
21) 1935 

26 Nicholson, W M , and Soffer, L J Cardiac Arrhythmia m Experimental 
Suprarenal Insufficienci" in Dogs, Bull Johns Hopkins Hosp 56 236-243 (April) 
1935 

27 Harrop, G A , Weinstein, Albert, Soffer, L J, and Trescher, J H The 
Diagnosis and Treatment of Addison’s Disease, JAMA 100 1850-1855 (June 
10) 1933 Harrop, G A , Saffer, L J , Ellsworth, Read, and Trescher, J H 
Studies on the Suprarenal Cortex HI Plasma Electrolytes and Flectroljte 
Excretion During Suprarenal Insufficiency in the Dog, J Exper Med 58 36 
(July) 1933 
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Our idea that limiting the intake of potassium might favorably influ- 
ence the course of Addison’s disease thus was a rational deduction fiom 
indirect evidence already available 

We are fully awaie that the data of the piesent lepoit are not as 
complete as might be desiied Analyses of the feces should have been 
made Moie determinations of the excretion of creatine would have 
been helpful, and longei periods between changes of legimen would 
have been advantageous It happened that the facilities of the labora- 
toiy at the time did not peimit more extensive analytic determinations, 
and the necessary consideration of the welfare of the patients fiequently 
mterfeied with the extension of the peiiods of observation The data. 
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Chart 6 — Metabolic studies of a normal subject 


howevei, are sufficiently complete to reveal that low levels of intake 
of potassium are advantageous in Addison’s disease, and this was the 
primary question for which we sought an answei An intake of potas- 
sium not greater than that piovided by a general diet (about 4 Gm ) 
caused a loss of ions of sodium and chloride and the development of 
symptoms of crisis even when “extra” sodium chloride and sodium 
citrate were administered A diet still higher in its content of potassium 
(period 2 in case 3) was correspondingly more distuibmg and produced 
serious consequences which were not prevented even by tieatment 
with “extra” sodium chloiide, sodium citiate and small doses of extract 
of adrenal cortex On the other hand, diets lestiicted m the content of 
potassium to approximately 1 6 Gm permitted the maintenance of all 
three patients without resort to injections of extract of adrenal cortex. 
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and under such circumstances even a rigid restiiction of the intake of 
sodium salts was tolerable (cases 1 and 3) foi a period of many days 

That potassium m the maximal amounts received by these patients 
pioduces no untoward effects in normal subjects is perfectly obvious 
The amounts involved are no greater than most persons receive each 
day with their usual meals A senes of obseivations on a noimal subject 
comparable to those made with the patient in case 2 will be reported 
soon by two of us (Drs Keplei and Adams) with Di Blum The data 
of three peiiods of then study aie shown m chart 6 It is clearly evi- 
dent from them that increasing the intake of potassium from a low to 
a high level provoked no loss of sodium and chloride ions even when 
the intake of sodium and chloiide was at a minimum The feces were 
analyzed in their study, and since the observations were made in the 
winter, when the loss of sodium and chloride through the skin is at a 
minimum, the metabolic balances for sodium and chloride were perfectly 
reliable 

We have limited the evidence foi reporting here to that obtained in 
only three cases of Addison’s disease, because in these cases the meta- 
bolic data available were reasonably complete , oui conclusions, however, 
are supported by additional experience Recently a patient was placed 
in the hospital foi withdiawal of salt from the diet, a procedure which 
Hail op and his associates proposed as a diagnostic test for adrenal 
insufficiency It consists of lestrictmg the intake of sodium and chloride 
to the salts of the unseasoned foods and has been supposed not to be 
tolerable foi longer than a few days (five at the most) in any case of 
Addison’s disease The patient in question was not grossly pigmented, 
and hei only symptom was weakness She withstood the piocedure for 
SIX days , no symptoms other than the original weakness developed and 
theie weie no greater changes for the values of sodium and chloride of 
the plasma than would be noimal At a latei time, with a diet made 
to contain appioximately 5 5 Gm of potassium, the test was repeated 
It was badly toleiated, and clear symptoms of adrenal insufficiency 
developed within thiee days It now is apparent that attention must be 
paid to the potassium content of the diet in evaluating the results of 
this diagnostic piocedure and likewise that all eailier experimental work 
on adienal insufficiency, as well as procedures for the biologic assaying 
of extracts of adienal coitex, will require revision from the standpoint 
of rigid control of the intake of potassium 

Two patients with obvious Addison’s disease recently weie admitted 
to the hospital in conditions bordeiing on crisis In both cases the urea 
content of the blood and the potassium content of the plasma were 
elevated, whereas the sodium and chloride contents of the plasma were 
moderately depiessed In these cases, without resorting to injections of 
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extract of adienal coitex but by restricting the intake of potassium and 
adequately supplying caloiies, sodium chloride and sodium citrate, the 
patients weie lestoied 

It must be emphasized that subjects who aie eating little oi nothing 
because of nausea, are subsisting, in fact, on a metabolic mixture of 
food mateiial high m potassium This is because the endogenous supply 
of nutrients, on which they are depending, contains a large amount of 
tissue protein, which, like meat, is iich in potassium Wastage of protein 
IS characteristic of the ciisis of Addison’s disease, as is evidenced by 
negative nitiogen balances, and it is not improbable that the well known 
advantage of injections of dextrose in the treatment of the ciises of 
Addison’s disease depends, m part at least, on the “sparing effect” on 
protein of the calories supplied by the dextrose 

Diets Lozv in Potassium — The preparation of a palatable diet which 
will contain not moie than 1 6 Gin of potassium requires the same 
careful planning as does that of a diet for a diabetic patient Sherman’s 
table showing the ash constituents of foods m percentage of the edible 
portion was compiled from vaiious sources, and, while we have followed 
It to date in planning these diets, we aie far fiom satisfied with it 
A leceiit study by Davidson and LeCleic indicated that theie is a con- 
siderable variation m the content of potassium and other bases of vege- 
tables obtained fiom different legions and that the mmeial composition 
of vegetables seems to be coi related with the fertilizer treatment of the 
soil 01 the chemical composition of the iingation water Possibly also 
the meat of animals grazing on fields feitilized with potassium will be 
richei in potassium than the meat of othei animals These matters aie 
being investigated by Sister Mary Victor and Miss Lydia Nelson, grad- 
uate students m nutiition of the Mayo Foundation A practical sug- 
gestion already has come fiom the study being made by Sistei Maiy 
Victoi — by boiling vegetables m two or three changes of water fiom 
75 to 80 per cent or moie of then salts, including potassium, can be 
lemoved Potatoes, for instance, which normally contain moie than 400 
mg of potassium in each hundred grams, can be washed by this means 
and subsequently seasoned by the addition of table salt Foods espe- 
cially iich 111 potassium, containing, foi example, more than 300 mg of 
potassium m each hundred grams, include the following meats, fowl, 
fish of all kinds, potatoes, sweet potatoes, peas, beans, beets, cabbage, 
celeiy, chaid, chestnuts, spinach and other gieens, pumpkin, squash, 
parsnips, dried fruits (especially dates), figs, prunes, banana, pineapple, 

28 Davidson, J , and LeCIerc, J A The Variation in the Mineral Content 
of Vegetables, J Nutrition 2 55-66 (Jan ) 1936 
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and under such cncumstances even a rigid restiiction of the intake of 
sodium salts was tolerable (cases 1 and 3) foi a period of many days 

That potassium in the maximal amounts received by these patients 
produces no untoward eftects in normal subjects is perfectly obvious 
The amounts mvohed are no greater than most peisons receive each 
day with then usual meals A series of obseivations on a noimal subject 
comparable to those made with the patient in case 2 will be reported 
soon by two of us (Dis Kepler and Adams) with Di Blum The data 
of thiee periods of then study are shown in chart 6 It is clearly evi- 
dent fiom them that increasing the intake of potassium from a low to 
a high level piovoked no loss of sodium and chloride ions even when 
the intake of sodium and chloride was at a minimum The feces were 
analyzed m their study, and since the observations weie made in the 
winter, when the loss of sodium and chloride through the skin is at a 
minimum, the metabolic balances for sodium and chloride weie perfectly 
reliable 

We have limited the evidence foi repoiting here to that obtained in 
only three cases of Addison’s disease, because m these cases the meta- 
bolic data available weie reasonably complete, our conclusions, however, 
are suppoited by additional experience Recently a patient was placed 
in the hospital for withdrawal of salt from the diet, a proceduie which 
Hail op and his associates proposed as a diagnostic test for adrenal 
insufficiency It consists of lestricting the intake of sodium and chloride 
to the salts of the unseasoned foods and has been supposed not to be 
tolerable for longei than a few days (five at the most) m any case of 
Addison’s disease The patient m question was not grossly pigmented, 
and hei only symptom was weakness She withstood the procedure for 
SIX days , no symptoms other than the original weakness developed and 
there were no gieatei changes for the values of sodium and chloride of 
the plasma than would be noimal At a latei time, with a diet made 
to contain appi oximately 5 5 Gm of potassium, the test was repeated 
It was badly tolerated, and clear symptoms of adrenal insufficiency 
developed within thiee days It now is appaient that attention must be 
paid to the potassium content of the diet m evaluating the results of 
this diagnostic procedure and likewise that all earlier experimental work 
on adrenal insufficiency, as well as procedures for the biologic assaying 
of extracts of adrenal coitex, will require revision from the standpoint 
of rigid control of the intake of potassium 

Two patients with obvious Addison’s disease lecently Aveie admitted 
to the hospital m conditions bordering on crisis In both cases the urea 
content of the blood and the potassium content of the plasma were 
eleA^ated, whereas the sodium and chloride contents of the plasma were 
moderately depressed In these cases, Avithout resorting to injections of 
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extract of adrenal cortex but by restiicting the intake of potassium and 
adequately supplying caloiies, sodium chloride and sodium citrate, the 
patients were restoied 

It must be emphasized that subjects who aie eating little or nothing 
because of nausea, aie subsisting, in fact, on a metabolic mixture of 
food material high in potassium This is because the endogenous supply 
of nutrients, on which they are depending, contains a large amount of 
tissue protein, which, like meat, is rich m potassium Wastage of protein 
IS characteristic of the crisis of Addison’s disease, as is evidenced by 
negative nitrogen balances, and it is not improbable that the well known 
advantage of injections of dextiose in the treatment of the crises of 
Addison’s disease depends, m part at least, on the “sparing effect” on 
protein of the calories supplied by the dextrose 

Diets Lozu in Potassium — The preparation of a palatable diet which 
will contain not more than 1 6 Gm of potassium lequires the same 
careful planning as does that of a diet for a diabetic patient Sherman’s 
table showing the ash constituents of foods m percentage of the edible 
portion was compiled from vaiious sources, and, while we have followed 
it to date 111 planning these diets, we aie far fiom satisfied with it 
A lecent study by Davidson and LeClerc indicated that there is a con- 
siderable vaiiation m the content of potassium and other bases of vege- 
tables obtained fiom different regions and that the mineral composition 
of vegetables seems to be con elated with the fertilizer treatment of the 
soil 01 the chemical composition of the irrigation water Possibly also 
the meat of animals grazing on fields feitihzed with potassium will be 
richer in potassium than the meat of other animals These matters aie 
being investigated by Sistei Mary Victor and Miss Lydia Nelson, grad- 
uate students m nutation of the Mayo Foundation A practical sug- 
gestion already has come from the study being made by Sister Mary 
Victor — by boiling vegetables m two oi thiee changes of water from 
75 to 80 per cent or more of then salts, including potassium, can be 
lemoved Potatoes, for instance, which normally contain more than 400 
mg of potassium in each hundred giams, can be washed by this means 
and subsequently seasoned by the addition of table salt Foods espe- 
cially rich m potassium, containing, for example, more than 300 mg of 
potassium in each hundred grams, include the following meats, fowl, 
fish of all kinds, potatoes, sweet potatoes, peas, beans, beets, cabbage, 
celeiy, chard, chestnuts, spinach and other greens, pumpkin, squash, 
parsnips, dried fruits (especially dates), figs, prunes, banana, pineapple, 

28 Davidson, J , and LeClerc, J A The Variation in the Mineral Content 
of Vegetables, J Nutrition 2 SS-66 (Jan ) 1936 
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nuts of all kinds, wheat, bran and molasses Obviously such foods must 
be used in moderation if the total intake of potassium is to be held 
below 1 6 Gm 

The diet planned by Sister Mary Victor for the experiments here 
leported was as follows 

LOW POTASSIUM DIET 

Potassium, 1 6 Gm , Protein, 57 Gm , Calories, 2,350 


Breakfast 


Food 

Grams 

Approximate Measure 

Orange juice 

100 

glass 

Cornflakes 

15 

1 serving 

Egg 

50 

One 

Bread 

50 

2 slices 

Butter 

20 

2 squares 

Cream, 40 per cent fat 

75 

Vs. cup 

Coffee if desired 




Dinner 


Beef tenderloin (weight uncooked) 70 

1 average serving 

Potato, thrice boiled 

100 

1 average serving 

Carrots 

25 

1 small serving 

Celery 

25 

2 celery hearts 

Grapefruit 

55 

4 sections 

Bread 

50 

2 slices 

Butter 

25 

2j4 squares 

Cream, 40 per cent fat 

20 

1 tablespoon 

Tea or coffee if desired 




Supper 


Cheese 

40 

2 cubic inches 

Rice (weight dry) 

25 

1 average serving 

Tomato 

50 

average serving 

French dressing 

15 

1 tablespoon 

Apple 

80 

V average size 

Bread 

50 

2 slices 

Butter 

25 

squares 

Cream, 40 per cent fat 

20 

1 tablespoon 

Tea or coffee if desired 




This diet, and indeed all the diets low in potassium that we have 
been able to plan, contain what seems to be an adequate amount of 
protein but a bare minimum of calcium and other minerals The content 
of vitamins A and C is adequate, but the content of vitamins B and G 
is low An important consideration therefore will be the matter of sup- 
plementing such diets with what is missing This can be accomplished 
by prescribing calcium phosphate, an iron salt and a suitable concen- 
trate of vitamins B and G 
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CONCLUSIONS 

The iiotassium content of the diet of patients with Addison’s disease 
affects the cotiise of the disease and the development of the symptoms 
of ciisis 

An intake of potassium not gieatei than 4 Gm a day, an amount 
compaiable to that contained in a noimal diet, may piomote the excre- 
tion of sodium and chloride wheieby significant losses of sodium and 
chloiide occui and symptoms of crisis aie precipitated It may not be 
possible to pi event the occui lence of these effects of potassium with 
intakes of sodium and chloiide as high as those piovided by the admin- 
istration of 18 Gm of sodium chloiide and 5 Gm of sodium citrate 
daily 

If the intake of potassium is lestiicted to about 1 6 Gm a day, the 
lequirement of sodium and chloride is materially diminished, and it 
becomes possible, although not necessaiily desiiable, to maintain patients 
with smaller doses of sodium salts than otheiwise are needed and with- 
out injections of extiact of adienal coitex Optimal theiapeutic lesults 
demand not only the lestnction of potassium but optimal lather than 
minimal doses of sodium salts and when possible, and certainly in emei- 
gencies, injections of an active extiact of adienal cortex 

The arranging of a diet which will contain not moie than 1 6 Gm 
of potassium requiies careful planning Such a diet is likely to be 
inadequate m calcium, phosphate, non and vitamins B and G To avoid 
complications from deficiencies of these factors, the diet should be sup- 
plemented suitably bj^ the addition of calcium phosphate, some non salt 
and a concentrate of vitamins B and G 
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Classification of the t3'pes of pneumococci in endemic pneumonia 
was incomplete pievious to and during the eaihest pait of oui work 
Oiiginally group IV contained types IV to XXXII, and at least thiee 
difteient specific types were included m type II and two in type III 
Since the moie compiehensive classification of Coopei ^ and her 
co-workeis has been accepted, the distiibution of the types of pneu- 
mococci in endemic pneumonia has been studied in vaiious paits of the 
world These types have occuried in diffeiing propoitions, accoiding 
to repoits published in New York,- Boston^ and San Fiancisco'* and 
in Gieat Biitain,® Geiman},® Holland,’^ India® and South Afiica® 

This study received financial suppoi t in part from +1 e Metropolitan Life 
Insuiance Company 

From the Littauer Pneumonia Research Fund of the New York University 
College of Medicine, from the Medical Service, the Harlem Hospital (Department 
of Hospitals), and from the Research Laboratories ^Department of Health) of 
the City of New York 
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Serum TherapA, J A M A 105 1512-1518 (Nov 9) 1935 Raia, A , Plummci, 
N , and Shultz, S New Tjpes of Pneumococci in the Pneumonias of Children, 
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coccic Infection, JAMA 106 1557-1561 (May 2) 1936 
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We ha^ve studied the 4,048 cases of endemic pneumococcic infection 
lecoided during seven }eais, 1928 to 1935, at the Harlem Hospital 
Theie weie 2,708 cases of pneumonia m adults and 663 cases of pneu- 
monia (piimar} ) in childien, a total of 3,371 cases In addition, theie 
were 573 cases of adults and 204 cases of children suffering from 
bronchitis oi acute infection of the upper respiratory tract, which in 
some instances simulated pneumonia when the patient was admitted 
to the hospital 

The methods of stud)^ haAe been outlined m our studies on bac- 
teremia In addition to the methods used for adults, the sputum of 
maii)'^ of the childien was obtained by means of the laiyngoscope and 
111 some cases by gastiic aspiiation In most cases, however, pharyngeal 
swabbing, with incubation of the swab in broth, was earned out 

The patients were admitted to the Hailem Hospital to the seivice 
foi patients vith acute lespnatory diseases of one of us (Dr Bullowa) 

01 to the pediatric serwee of Dr Moms Gleich, who gi anted pei mis- 
sion foi the study of the children Avitli pneumonia The Hailem Hos- 
pital IS a general municipal hospital located in the noitheastern section 
of Manhattan Island, m the center of a population of about 250,000 
Negioes The distiict leached by ambulance includes also a large popu- 
lation of Pueito Ricans, Italians, Finns and Irish The ambulance 
senice is active, and accoiding to the teims of the city chaiter it may 
not be refused to any patient who demands hospitalization Patients 
aie occasionally tiansfeired to or from other hospitals Accoidmgl}, 

5 Co\\an, J , and others Felton’s Seium in Lobar Pneumonia, Lancet 

2 8-11 (July 2) 1932 Cruickshank, R Felton’s Serum m Lobar Pneumonia 
Serological Typing of Pneumonia, Tr Roj’- Med -Chir Soc Glasgow 25 34-38, 
1931 

6 Gundel, kl , and Schv arz, F K Ueber die Typendifferenzierung und 
Epidemiologic der Gruppe X der Pneumokokken, Ztschr f Hjg u Infektionskr 
113 498-522, 1932 

7 Vedder, A Das Vorkommen der Pneumokokkenti pen 4-32 in Amster- 
dam, Acta brev Neeiland 3 35-37, 1933 

8 Napier, L E , and Dharmendra Incidence of Pneumococcal Types in 
Pneumonia in Assam, Indian M Gaz 70 181-185, 1935 

9 Lister, S , and Ordman, D The Epidemiology of Pneumonia on the 
Witwatersrand Gold Fields and the Pre\ention of Pneumonia and Other Allied 
A.cute Respiratory Diseases in N'ative Laborers in South Africa by Means of 
Vaccine, Publication 37, South African Institute for Medical Research, 1935, vol 7 

10 Only cases of pneumonia due to a single clas‘:ified pneumococcus have been 
included in our graphs and tables Cases were omitted in which a second pneumo- 
coccus or other organism complicated the designation as well as cases of pneu- 
monia due to an unclassified pneumococcus The latter constituted 1 2 per cent 
of the cases of pneumococcic pneumonia recorded during the last four 3 rears 

11 Bullowa, J G M , and Wilcox, C Incidence of Bacteremia in the Pneu- 
monias and Its Relation to Mortality, Arch Int Med 55 558-573 (April) 1935 
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one may say that the material included in the statistics is a landom 
sample of the cases of pneumonia as they occuned from yeai to yeai 
and lepresents the endemic pneumonia and pneumococcic infections 
of the noithern half of Manhattan Island and the lowei portion of 
the Bronx 

Cases 



28-29 29-30 30-31 31-32 32-33 33 - 34 - 34-35 


I I KCCOVCRCD 
■■ DIED 

Chart 1 — Summary of 2,708 cases of pneumococcic pneumonia m adults from 
1928 to 1935 In charts 1 and 2 the black columns represent the patients who 
died and the white columns the patients who recovered 

The statistical year runs from July 1 to June 30, thus including 
an entire pneumonia season The total number of patients admitted to 
the hospital year by year, together with the mortality percentages, is 
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graphically presented in chaits 1 and 2 It will be obseived that the 
moitabty for adults varied fiom 24 to 27 per cent in the hist three 
yeais, and m the four later yeais it varied fiom 21 to 24 pei cent 
Duiing this period the moitality for childien varied fiom 7 to 12 pei 
cent in five of the seven years studied but leached 16 pei cent in 1930- 
1931 and 20 per cent in 1932-1933 The 3fear 1930-1931 which showed 
a high death rate (16 per cent) for children showed also a veiy high 
death rate foi adults (27 per cent) In 1932-1933, when there weie 
fewer cases in children, there was a high mortality for children (20 pei 
cent) Previousl}'- and subsequent!)'- it did not exceed 16 pei cent 
There were a laige number of cases of Streptococcus haemolyticus 
infection complicating pneumonia m the year 1930-1931 

The year by yeai vaiiation m the percentage distiibution of the 
\aiious types of pneumococci and the combined percentage distiibution 
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Chart 2 — Summar}' of 663 cases of pneumococcic pneumonia in children from 
1928 to 1935 


foi the seven yeais aie shown in tables 1 and 2 for adults and children, 
lespectively In table 1 it is important to obseive that type III pneu- 
monia occuiied slightly more fiequently m adults than type II pneu- 
monia and that types IV, V, VII and VIII weie of almost as great 
importance from the standpoint of fiequency as type II pneumonia 
Though type II organisms produced the infection m 8 3 per cent of 
the cases of pneumonia in adults, they caused pneumonia in only 12 
children (table 2) 

Charts 3 to 5 for adults and chaits 6 and 7 for children show the 
annual incidence of each type of pneumonia for a seven yeai period 
It will readily be seen that from year to year the occurrence of the indi- 
vidual types of pneumonia varied widely The marked fall in the total 
numbei of cases in 1931-1932 (chart 1) was leflected m the reduction 
m the total number of cases of type I pneumonia (charts 3 to 7) How- 
ever, the marked increase in type I pneumonia in 1934-1935 was gi eater 
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Chart 3 — The }earl}f variations from 1928 to 1935 in the types of pneumonia 
in 2,708 adults 




Chart 5 — Charts 3 and 4 continued 







BULLO WA-W I LC OX— ENDEMIC PNE UM ONI A 

Of Cases 

33 34 



" 34 35 

□ Nonbacteremic recovered 

S Bacteremic recovered 

31 33 

n 

: : 

@ Nonbacteremic died 
■ Bacteremic died 


TYPE 2 






402 


ARCHIVES or INTERNAL MEDICINE 


than expected, with the piediction based on chait 1 It will be noted 
that Avhile the number of cases of t}pe I pneumonia increased, the 
numbei of cases of type II pneumonia deci eased It must be noted also 
that type III pneumonia and especially type VIII pneumonia increased 
in frequency dunng the last two years Type V pneumonia, after 




Chart 8 — Mortalitj^ percentages m 1,515 cases (in adult patients) of pneumo- 
coccic pneumonia from 1928 to 1935 in which no serum was administered First 
the types are arranged in numerical order and then according to the mortality 
percentages 

reaching an apparent maximum in 1931-1932, became infrequent until 
1934-193o, when the frequenc} inci eased to a new high level Cases 




Chart 9— Mortality percentages in 498 cases (m children) of pneumococcic 
pneumonia from 1928 to 1935 m which no serum was administered The lower 
portion of the chart shows the percentages for 264 children less than 2 yeais of 
age and for 234 children more than 2 years of age 
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of the other types involved weie too few to be consideied sepaiateh 
It may be observed, however, that though in adults the incidence ot 
type III and type VIII pneumonia increased m the later yeais, this was 
not true for children 

The annual proportional distiibution among the types is given in 
tables 1 and 2, which show that the various types of pneumococcic 
pneumonia varied in frequency from year to year Charts 8 and 9 
give information concerning the fatality of the different types, ai ranged 
numerically and also in the order of the fatality rate 

The vaiious types of pneumococcic pneumonia varied markedly as 
to their fatality rates when serum treatment was not given It is impor- 
tant to note that the cases may be grouped into those in which the 
mortality rate was more than 25 per cent and those m which it was 
less than 25 per cent Some of the types of pneumonia for which 
serum is available are not among the most fatal types Chart 9 shows 
that for only four of the types common to children was the moitality 
late over 25 pei cent It may be seen also that eleven types did not 
cause death among children and that type I, which was eighth in order 
of frequency of fatality for adults, was least fatal for children In 
adults types II, III, XV and XXIII were the most fatal In children 
the fatal types were XIII, XXVIII, XXIII and XV < Type XXIII 
appeared to show a high mortality late for both children and adults 

In addition to studying the annual vaiiation m the types of endemic 
pneumococcic pneumonia, a study of the monthly occuriences of non- 
pneumonic pneumococcic infections of seven important types was 
undertaken for the year 1934-1935 It was thought that infections of 
the upper respiiatory tiact would precede the occuirence of pneumonia, 
and with this m mind the graph shown m chart 10 was prepared In 
no instance did an observed infection of the upper respiratory tiact 
of a given type precede the occurrence of pneumonia due to that type 
of organism It is noteworthy that the different types of infection 
occuiied at different times of the year and especially that type VIII 
infection occurred all thiough the pneumonia season, while type V was 
laigely encountered during the late spring of the year studied 

There weie 449 cases of nonpneumonic pneumococcic infection m 
adults duiing the seven jear period The most frequent infections weie 
of types III, VI and VIII, as shown in chart 11 One of the types 
with a high fatality, type II infection, rarel}'- appealed as a nonpneii- 
monic infection, in spite of the frequency of this type as an incitant of 
pneumonia In contrast, type III infection was fatal and frequent m 
pneumonia and was frequent also in nonpneumonic infections 

An entirely different series of types predominated among the non- 
pneumonic pneumococcic infections of the respiratory tiact in children 
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(chait 12) Types VI, XIV and XIX were the most important Next 
were t 3 ^pes XV and XVIII, which are of major importance m causing 
pneumonia 

Lister and Oldman have lecoided that aftei vaccination of the 
laborers m certain mines of the Witwatersi and gold fields the types of 



Chart 10 — The monthly incidence in 1934-1935 of pneumonia and nonpncu- 
monic infections of the respiratory tract of the common types The black lines 
indicate pneumonic infections and the white lines nonpneumomc infections Note 
the sharp rise in type V pneumonic infections in the spring months and that 
it was not preceded by a rise in the nonpneumomc infections 
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pneumococci lecoveied m cases of pneumonia changed They found 
that though the incidence of infections of the respiratoiy tiact i\as 
unchanged, the mortality from pneumonia was mateiially i educed in 
the mines in which the workeis had been vaccinated The number of 
cases in which a pneumococcus was not isolated inci eased by two-thuds 
(fiom 11 6 to 31 2 per cent) 



Chait 11 — Types of nonpneumonic pneumococcic ’nfections of the respiiatori 
tract m 473 adults fiom 1928 to 1935 



Chart 12 — Types of nonpneumonic pneumococcic infections of the respiiator\ 
tract in 204 children from 1928 to 1935 

In the communities vheie taccination had not been cairied out group 
B (our t)pe II) pneumonia was the type most fiequently found (31 6 per 
cent) and gioup C (oui type I) vas second (184 pei cent) Group 
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E (our type III) became lelatively moie fiequent in the communities 
wlieie vaccination was peifoinied (from 3 9 to 16 9 pei cent) The 
vaccine used on the Witwatersi and was potent foi oui t 3 pes I, II and 
III pneumococci and for a numbei of otheis (whether the latter were 
the same as the Coopei types is at piesent undei investigation) The 
incidence of group C (our type I) pneumonia was diminished fiom 
18 4 to 11 7 pei cent by inoculation By inci easing the strength of the 
vaccine against group B (oui type II) pneumococci, Lister and Oidman 
said that they weie attempting to dimmish the numbei of cases of 
pneumonia due to that pneumococcus 

CONCLUSIONS AND SUMMARY 

The endemic pneumonias aie a senes of diseases which vaiy as to 
then occuiience fiom yeai to 3 '^ear and from month to month The 3 '’ 
diftei 111 lespect to the age of the patients, incidence, moitahty, ten- 
denc 3 ^ to invade the blood stieam and other chaiacteis 

Whethei the specific t 3 'pes of endemic pneumonia have individual 
cycles, as suggested b 3 some of the giaphs, can be deteimmed only aftei 
the lesults of moie studies similai to ouis aie available and aftei oui 
own studies have been continued for a longei peiiod The lesults may 
justify immunization against the more fatal oi moie fiequent types, so 
as to reduce the incidence of these infections Such studies aie lequiied 
so that physicians and manufactuieis ma 3 ’’ leain what t 3 'pes of pneu- 
monia are prevalent and nia 3 ' lequiie seium for tieatment and vaccine 
for immunization 

Theie is a maiked difteience in the t 3 ^pes of pneumonia among 
childien and adults living in the same community, it remains foi futuie 
investigations to deteimine the leasons for this difleience 



PULMONARY CAPACITY IN LOBAR PNEUMONIA 

WITH SPECIAL REEERENCE TO COLLAPSE THERAPY 
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Dming the past seveial 3 ears artificial pneumothoiax as a theiapeu- 
tic measure m cases of lobar pneumonia has been enthusiastically 
employed Initially pneumothorax was used empirically, and even at 
the present time the expeiimental data suppoitmg the rationale of its 
use are meagei (Liebeiman and Leopold^) The consensus" seems 
to be that the administration of aitificial pneumothorax is a useful 
procedure in the treatment of unilateial lobar pneumonia when it is 
instituted early m the disease when theie aie no pieexisting adhesions 
The effect of this proceduie m relieving the distressing symptoms of 
lobai pneumonia (pleuritic pain, dyspnea and toxic phenomena) has 
been described by most obseiveis, and many have reported a critical 
fall 111 temperatuie (ciisis) in appi oximately half the cases The 
lationale for this proceduie has not been subjected to extensive inves- 
tigation. but the beneficial effects have been attributed to the following 
tactors (1) relief of pleural pain, (2) compression and immobilization 
of the acutety inflamed lung, (3) decrease in the absorption of toxins on 
the affected side due to the shunting of the blood flow from the affected 
to the unaffected side and (4) mobilization of the antibodies ® 

Aided bj' a special grant from the Rockefeller Foundation 

From the Department of ifedicine, the School of Medicine and Dentistiy, 
of the UnivcrsiL of Rochester, and the Medical Chnic of the Strong Memorial 
and Rochester ilumcipal Hospitals 

1 Lieherman, L M , and I eopold, S S Therapeutic Pneumothorax in 
Experimental Lobar Pneumonia in Dogs, Am J M Sc 187 315, 1934 

2 (ff) Leopold, S S , and Lieherman, L M The Present Status of Artificial 

Pneumothorax in the Treatment of Lobar Pneumonia, Ann Int Med 9 19, 1935 
(h)AIoorman, L T Artificial Pneumothorax in the Treatment of Pneumonia 
Report of Cases, Internat Clin 4 119, 1934 (c) Blake, F G , Howard, M E, 

and Hull, W S Artificial Pneumothorax in the Treatment of Lobar Pneumonia, 
T A kl A 105 1489 (No^ 9) 1935 

3 Pcrlroth, S , and Topercer, M Behandlung der Pneumonien mit kunst- 
lichen Pneumothorax, Wien klin Wchnschr 45 1508, 1932 
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The many stimulating repoits (see Leopold and Liebeiman-* and 
Blake, Howaid and Hull for a leview of the hteiatme) on the tieat- 
ment of lobai pneumonia by pneumothorax have led us to investigate 
the effects of this procedure on the respiratory function m this disease 
The present study concerns the alterations m the vital capacity and 
othei components of the total pulmonary capacity and the loentgeno- 
giaphic measuiements during the induction of artificial pneumothoiax 
m cases of typical lobar pneumonia 

METHODS AND MATERIAL 

After the necessary preliminary examinations had been made and blood and 
sputum had been obtained for bactenologic examination, a diagnostic loentgeno- 
gram of the chest was taken When the patient’s condition warranted it, roent- 
genograms were taken at both maximum inspiration and maximum expiration, 
according to the technic described by Hurtado and one of us (W F ) ■* From these 
roentgenograms the size and expansion of the chest could be followed thioughout 
the course of the disease 

By the time the roentgenographic examinations were completed the pi evading 
type of oiganism m the sputum and the group of the pneumococcus had been 
determined by the QuAhing method The diagnosis being confirmed by roent- 
genograms and the etiologic agent being known, the patient was wheeled in a 
bed to a quiet room adjoining the laboratory, where measurements of the pulmonaiy 
capacity were made and artificial pneumothorax was induced 

Arterial blood was obtained from the radial artery and analyzed foi the caibon 
dioxide and oxygen contents and the oxygen capacity by the method of V an Slyke ° 
Next the expired air was collected foi a two or three minute period in a 
Douglas bag The number of respirations was counted The gas was measured 
by means of a Sargent wet meter, and the volumes were reduced to standard 
We found, as have others,® that each patient invariably changes his type of 
bieathing as soon as the mouth-piece is adjusted The respirations become deeper 
and less frequent Consequently, the values for the pulmonary ventilation are 
valueless and have been discarded The temperature, pulse rate and respiiatory 
late charted in the accompanying figures were obtained from the nurses’ recoids 
Mcasni eincnt of the Pnhnonaiy Capacity — The midcapacity (the amount of 
air remaining m the lungs at the end of normal expiration) was determined oy 
the oxygen dilution method without forced breathing, as described by Christie 
The length of the rebreathing period was seven minutes in all deteiniinations 
Duplicate determinations were usually made The vital capacity was then mea- 

4 Hurtado, A, and Fray, W W Studies of Total Pulmonaiy Capacity 
and Its Subdivisions H Correlation with Physical and Radiological Measure- 
ments, J Clin Investigation 12 807, 1933 

5 Peters, J P, and Van Sljdce, D D Quantitative Clinical Chemistiy 11 
Methods, Baltimore, Williams & Wilkins Company, 1932 

6 Bmger, CAL, and Brow, G R Studies on the Respiratorj'^ Mechanism 
in Lobar Pneumonia A Study of Lung Volume m Relation to the Clinical Course 
of the Disease, J Exper Med 39 677, 1924 

7 Christie, R V The Lung Volume and Its Subdivisions I klethods of 
Measurements, J Clin Investigation 11 1099, 1932 
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surcd graphically bj means of a recording spirometer The reserve and com- 
plcmentaiy volumes A\ere measured separately All determinations were made 
^\lth the patient lying in bed with the head of the bed raised about 45 degrees 
Bmger and Brow ^ said that such factors as pleuritic pain, anoxemia and general 
muscular weakness maj easil} impair the accuracy of measurements of the vital 
capacity Foitunately in our experiments the patients who were selected proved 
to be cooperative, and we belie\e that the values for this capacity represent the 
true alterations produced by both the local and the systemic factors caused bi 
acute febrile disease 

With the patient m the same position a needle was inserted in the second inter- 
space 111 the midclavicular line After the needle reached the intrapleural space, 
from 30 to SO cc of air was injected, and the intrapleural pressure and the tidal 
colunie were registered simultaneously by means of recording pens The injection 
of air w'as then continued until a maximum of 500 or 600 cc w'as reached or until 
the expiratory pressure w'as slightly positne 

Ihe patient was then returned to the dnision for nursing care and rest 
Fluids w ere forced to 4,000 cc , and each patient received at least 10 or 12 Gni 
of sodium chloride per diem In addition to the usual clinical records, the chloride 
content of the serum and the urinarj'^ excretion of chlorides were determined in 
most cases Usually from six to eight hours elapsed before the patient was 
returned to the laboratory, w'heie the aforementioned procedures were repeated, 
sate for the arterial puncture This process w'as continued until either the 
affected lung was collapsed or the crisis appeared If the patient had preexisting 
adhesions, air was given until the mean intrapleural pressure equaled the atmos- 
pheiic pressure 

After the ciisis the determinations of the pulmonary capacity w'cre made, and 
1 oentgenograms w ere taken at varying intervals The examinations of the patients 
were repeated from one to six months aftei their discharge from the hospital 
After complete recovery a roentgenogram w'as taken at maximum inspiration for 
the purpose of estimating the normal capacity ® 

Ow'ing to the many procedures and the critical condition of the patients, arterial 
blood and simultaneous records of the intrapleural pressure and the tidal volume 
Were not obtained as frequently as was desired 


8 The regression formulas for the prediction of the normal capacitj are as 
f’ollow 

1 For males between the ages of 18 and 35 

Vital capacity in liters = roentgenographic lolume of chest (X 0 24) -f- 
122 

Total capacitv in liters = capaciti ^ jqq 

/S 

2 For males between ages of 35 and 60 

Total capaciti m liters roentgenographic \olume of chest (X 0 38) 
—017 


Vital capaciti in liters = 


100 




3 For females 

I ital capaciG m hteis = roentgenographic ^olume of chest (X 0 2F 
-4-0 95 

Total capacih m liters — canacitv i^a 

71 6 
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During the past several years Hurtado and one of us (N L K) ha\e had 
an opportunity to study two medical students and one patient from the outpatient 
department who became ill with pulmonary tuberculosis and were treated by arti- 
ficial pneumothorax In the case of one (C J ) the pulmonary capacity was 
measured both before the onset of the disease and after the establishment of com- 
plete pneumothorax (left side) Each of the others was investigated only after 
collapse of the affected lung These cases ha\e been included m this study 
Since we are primarily interested m the disturbances m respiratory function 
during the course of lobar pneumonia and during collapse therapj and not m the 
therapeutic efficacy, the material was limited to cases of typical early unilateral 
lobar pneumonia of pneumococcic origin In one case (T M ) the pneumonia 
was of central type without complete lobar consolidation Nine patients with 
pneumonia were studied, seven of whom were treated with artificial pneumothorax 
There were two cases each of types I, III and XXXII, one each of types II and 
VII and one of group 4, the type being undetermined The group included six 
men and three women, with ages ranging between 18 and 46 years A brief review 
of the physiology of respiratory function during the induction of pneumothorax 
m a relatively health}' subject and during the course of lobar pneumonia is perti- 
nent to an understanding of the alterations m the respiratory bellows during the 
insufflation of air in a case of pneumonia 

RESULTS 

Altejahons m the Piihnonaiy Capacity Duung the Induction of 
Pneumothoi ax in Relatively Healthy Subjects — Since aitificial pneu- 
mothorax IS usuall} unilateial, the alteiations m the pulmonary capacit} 
are complex The vital capacity has been studied extensively dm mg 
the establishment of pneumothorax, but the other components of the 
total capacity have been neglected Most investigators ° have agi eed 
that when a relatively normal lung is collapsed the deciease m vital 
capacity is not pioportional to the amount of air injected The initial 
insufflation causes a maiked reduction m this capacity, but aftei several 
lioLiis theie is a slight inciease In subsequent inflations the same 

9 (a) Anthony, A J, and Heme Spirographische Untersuchungen bei 
Lungenkollaps I Mitteilung, Beitr z Kim d Tuberk 71 362, 1929 (b) Ben- 

dove, R A The Vital Capacity m Artificial Pneumothorax The Mechanism 
and the Factors Modifying the Vital Capacitj', with Especial Reference to Its 
Clinical and Prognostic Value in the Collapse Therapy, Arch Int Med 36 94 
(July) 1925 (c) Gutman, S Capacidad vital, Rev med latino-am 19 34, 1933 

(d) Kochs, K Studien uber die Vitalkapazitat bei kunstlichem Pneumothorax, 
bei Phrenicusexairese und einseitigem Brustheftpflasterverhand, Beitr z Klin d 
Tuberk 73 734, 1930 (e) Myers, J A, and Bailey, W Studies on the Respir- 

atory Organs in Health and Disease XX The Value of the Vital Capacity 
Test in Artificial Pneumothorax Treatment, Am Rev Tuberc 10 597, 1925 
(/) Schill, E Pneumothoraxstudien II Ueber den Zuzammenhang von Vital- 
capacitat, Pneumothoraxdruck und Lungenkollaps bei mit Pneumothorax behandel- 
ten Lungenkranken, Beitr z Khn d Tuberk 65 492, 1927 (g) Sieper, H 

Die Vitalkapazitat bei der Lungenphthise, besonders bei der Lungencol'apstherapie, 
ibid 65 725, 1927 
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quantity of air causes vaiious diminutions m the Mtal capacity in the 
same subject The complexity of changes m the vital capacity duiiiig 
the induction of pneumothorax has been vaiiously attributed to the 
following factois (1) the amount of air injected, (2) the intrapleural 
pressure (type ot pneumothorax), (3) the structural and functional 
status of the affected lung, (4) status of the contralateral lung, (5) the 
stabilit> of the mediastinum, (6) movements of the diaphragms and 
(7) the elasticity of the thoiacic cage An inteiplay of these factois 
can cause a multiplicity of alteiations in the vital capacity and the othei 
components of the total pulmonary capacity 

Obviousl}', alterations in the vital capacity cannot be interpreted 
without a knowledge of the volume of residual air Because of the 
difficulties in measuring this volume, it has received little attention 
Anthony and Heme found that after unilateral pneumothorax the 
amount of residual an was diminished but that the diminution varied 
markedly Furtheimore, the variation was dependent not on the volume 
of the pneumothoiax but on the rigidity of the mediastinum, alterations 
in the movements of the thoiacic cage, the anatomic changes in the 
collapsed lung and a theoretical capacity designated by them as the “vital 
minimal volume ” The normal capacity (midcapacity) was diminished, 
hut the reduction was smaller than the volume of the pneumothorax 
These investigatois observed also that both the volume of the pneumo- 
thorax and that of the contralateral lung increased after the insufflation 
of air but that the increase of the lattei was not so great as the increase 
of the volume of the pneumothorax 

The alterations in the pulmonary capacity following unilateral pneu- 
mothorax aie shown m figuie 1 In the first case (C J ), m which 
theie was complete pneumothoiax of several months’ duration on the 
left side, the total and vital capacities and the midcapacity were mod- 
el atel} reduced, being 68, 57 and 68 per cent, respectively, of the pie- 
dicted capacity The amount of residual an was actually higher than 
the predicted value and only slightly less than that found before the 
establishment of pneumothoiax 

In the second patient (J K ) the right lung was collapsed about 
/O per cent The nieasui enient of the pulmonary capacity was made 
three hours after a refill was given The intrapleural pressure at that 
tune was — 4 cm of water at the end of noimal inspiration and 
atmospheiic (0 cm of water) at the end of expiration Here again, 

10 Wolf, H J Die nervose Atmungsregulation bei der Lungentuberkulose 
III Der Einfluss des kunstlichen Pneumothorax auf den Ausfall der Funktions- 
prufung der Atmung und auf das Verhalten der Lungem olumina, Ztscbr f d ges 
cxper kled 63 616, 1928 

11 Anthonj A J , and Heme Spirograpbische Untersuchungen bei Lungen- 
koliaps ir and III Mitteilung, Beitr z Kim d Tuberk 73 51, 1929 , footnote 9fl 
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the total and vital capacities and the midcapacit)'' all weie propoitionall)'’ 
reduced, approximately 40 per cent, while the amount of residual air 
was 56 per cent of that predicted 

The results in the third case (D F ) were similar to those in the 
hist The determination of the pulmonaiy capacity was made several 
days after the last refill was given, at which time the intrapleural 
piessure was — 4 cm of water at normal inspiration and 0 cm of water 
at expiration The left lung was collapsed about 80 per cent There 
was a reduction of from 50 to 55 per cent in the total and vital capaci- 
ties and the midcapacity, while the amount of lesidual air was 65 per 
cent of that calculated 

In these cases all the values for the ratio were 

slightly increased, owing to a greater reduction in the vital capacity 
than in the volume of residual air Likewise, the values for the ratio 
toTaf ^ slightly elevated There was no disturbance, 
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Fig 1 — Predicted and observed pulmonary capacities in patients with unilateial 
pneumothorax The columns with broken lines represent the predicted values, while 
the ones with solid lines represent the observed pulmonary capacity In this ana 
subsequent figures the black area represents the residual air and the white space 
above represents the vital capacity The line dividing the vital capacity is the 
level of the midcapacity 

however, in the components of the vital capacity, the complementary 
air comprising approximately 80 per cent of the Autal capacity 

Anthony and Heine found that the altei ations m the vital capacity 
due to a change in posture in persons with pneumothorax were similar 
to but not as marked as the changes in normal subjects The effect 
of posture was studied in two of our patients (fig 1) When the 
subject assumed a sitting position there was a marked increase in the 
total and vital capacities and the midcapacity and in the amount of 
leserve air Theie was a moderate increase in the amount of lesidual 
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air while the change in the amount of complementary air vaned The 
percentage of change was similar to that found in normal persons^- 
The size of the chest (the area of the pulmonary fields) m one 
case (C J ) w'as essentially the same aftei the injection of air as 
before, but in all cases the ability to expand the thorax was markedly 
diminished (table) The excursions of the diaphragm and the rotation 
of the ribs were greatly reduced on the affected side, while on the 
opposite side they were actually increased 



2 Predicted and observed pulmonary capacities during the course of 
lobar pneuiTionia In this and subsequent charts the symbols (in the lower division) 
for the various absolute and relative values of the pulmonary capacity are identical 
The column with broken lines at the extreme right represents the predicted values 
for the pulmonarv capacity At the left are recorded the respiratory and pulse 
rates, the temperature in degrees centigrade and the leukocyte count This patient, 
A, a man aged 22, was admitted to the hospital on Oct 7, 1934, and was 
discharged on October 26 In this case and in all the other cases in this series 
culture of the blood was sterile The lower lobe of the right lung was the site 
of pneumonia due to tv'pe VII pneumococci 

12 Hurtado, A, and Fraj, W W Studies of Total Pulmonarv Capacity 
and Its Subdivisions III Changes with Bodv' Posture, I Chn Investigation 
12 825, 1933 
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Altei ahons m the Pulmonai y Capacity Dm mg the Cow sc of Lohai 
Pneumonia — According to the observations of Myers and Arnett/^ 
soon after the onset of lobai pneumonia the vital capacity is i educed 
tremendously The maximum reduction is reached neai the day of 
the Cl ISIS, and the inciease in this capacity is the first evidence of 
lesolution Eventually there is a leturn of the vital capacity to the 
prepneumonic level, unless pleural adhesions are present to pi event it 
Fuithermore, there is no parallelism between the extent of the pul- 
monar}'^ lesion and the i eduction in the vital capacity (Myeis^“ and 



Fig 3 — Observed pulmonary capacity during the course of lobar pneumonia 
The serum chloride content is expressed m milligrams per hundred cubic centi- 
meters and the amount of sodium chloride excreted per diem in grams The blood 
for these determinations was collected under oil without stasis by the resident 
physicians of the hospital, and the analyses were made by technicians m the clinical 
laboratory This patient, E G , a man aged 42, was admitted to the hospital on 
March 18, 1935, and was discharged on April 8 The upper and lower lobes of 
the right lung w^ere the site of pneumonia due to type II pneumococci 


13 Myers, J A The Vital Capacity of the Lungs. Baltimore, Williams S: 
Wilkins Company, 1925 

14 Arnett, J H Vital Capacity of the Lungs Changes Occurring in Health 
and Disease, J Clin Investigation 14 543, 1935 
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Anthony Bingei and Biow° found that a “constant lelationship 
existed between the persistence and disappearance of symptoms and 
fluctuations of the functional residual an This capacity w^as dimin- 
ished during the persistence of pathological signs m the lungs, and 
returned to normal as the pathological signs disappeaied” Measure- 
ments of the volume of residual air during lobar pneumonia have been 
made in only a few cases Usually it is leduced but not in piopoition 
to the pulmonary involvement The degiee of diminution in the volume 
is influenced by a numbei of factors, which will be discussed latei 



Fig 4 — This patient, A D a man aged 21, was admitted to the hospital on 
Oct 15, 1934, and was discharged on November 4 The lower lobe of the right 
lung w as the site of pneumonia due to type I pneumococci 

The talues for the total pulmonary capacity and its subdnusioiis 
during the cotiise of lobar pneumonia are presented in figures 2 and 3 
Observations in seven cases prior to the insufflation of air in the pleural 

15 Anthonj, A J Untersuchungen uber Lungenvolumma und Lungem entila- 
tion Deutsches Arch f klm ;Med 167 129, 1930 
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cavity are shown in figures 4 to 10 Early in the course of the disease 
(from the second to the fouith day aftei the onset) the Mtal capacity 
was inaikedly i educed (fiom 35 to 65 per cent of the piedicted ^alues) 
in all cases There appealed to be no geneial lelationship between the 
extent of the pulmonary imolvement and the i eduction m this capacit> 
However, several patients (E G , E L , I G and M L ) who com- 
plained of pleuritic pain showed a gieatei i eduction m this capacity 
than those who did not complain of this type of pain Interesting!}, 
m one patient (W A ) pleuial pain developed on the seventh day 
of the disease, and the vital capacity fell from 63 to 44 per cent of 
the predicted value 



Fig 5 — ^This patient, E L, a woman aged 45, was admitted to the hospital 
on Oct 27, 1934, and was discharged on November 13 The middle and lower 
lobes of the right lung were the site of pneumonia due to t 3 ^pe IV pneumococci 

The alteiations m the residual an duiing the earl} stages of lobar 
pneumonia weie vaiiable Theie was a slight i eduction (from 68 to 
92 per cent) of this capacity in thiee patients (W A, A D and 
T M ), while m the lemamdei the amount of lesidual an was actually 
increased Similar observations were found wuth legard to the mid- 
capacity, except that the reduction was more marked The greater 
diminution in the midcapacit} than in the amount of residual air may 
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have been due to changes in the volume of reserve air, but it was found 
that the lattei volume constituted a normal peicentage of the vital 
capacity 

There was a reduction in the total capacity (from 55 to 80 per cent), 
luit not so marked as that m the vital capacity, owing to the lelative 
inciease in the amount of residual air Pleural pain likewise influenced 
the diminution m this capacity 

The relative values are of gieat interest m these cases Because of 
the relatively gieatei reduction in the vital capacity than in the amount 



Fig 6 — This patient, C M , a man aged 18, was admitted to the hospital on 
Dec 11, 1934, and was discharged on December 28 The upper lobe of the left 
lung was the site of pneumonia due to type III pneumococci 


of residual an, the ratio X 100 was increased in all patients 
except one (T M ) This patient had a central type of pneumonia A 
similar but less marked change was found in respect to the ratio 

mldc-lp^clt^ Ny 100 
total capacitj 

The measurements of the pulmonary capacity were followed 
throughout the course of the disease in two cases (figs 2 and 3) As 
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the disease progressed all the absolute values were further deci eased 
This continued until the ciisis, when they remained stationary foi 
seveial days and then giaduall} letuined to the predicted values vithin 
a peiiod of one or two months after the onset of the disease The 
return was giadual and never complete in one case (E G), owing 
probably to thickening of the pleura at the base of the right lung A 
spread of the consolidation to another lobe (E G ) furthei reduced 
the absolute values foi all the components 



Fig 7 — This patient, T M, a man aged 45, was admitted to the hospital on 
Dec 18, 1934, and was discharged on Jan 3, 1935 The upper lobe of the right 
lung was the site of pneumonia due to t 3 ’^pe III pneumococci There was pul- 
monary fibrosis throughout both pulmonary fields 

Details of the roentgenographic measuiements are charted in the 
accompanying table During the stage of consolidation there was a 
marked reduction in the patient’s ability to expand the chest, as evi- 
denced by alterations in the talues for the excuisions of the diaphragm, 
movement of the ribs and the ratio maximum exmrat.on ^ jqq g 

lar alterations in the movement of the ribs and diaphragm have been 
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obser^ed b} Jung and Van Allen The level of the diaphiagm at 
maximum mspnation was geneially higher on the involved than on 
the contralateral side As the piocess in the lung resolved the height 
of the pulmonai} field inci eased Since the two sides of the thoiax 
cannot act absolutely independently, these changes weie reflected to 
a lesser degree on the opposite side The aiea of the pulmonary fields 
(including the cardiac aiea) increased somewhat as the patient con- 
\alesced Both the aiea and the tiansverse diametei of the heait were 



Fig S — This patient, I G, a woman aged 29, w'as admitted to the hospital on 
Tan 4 1935, and w'as discharged on Januarj' 21 The low^er lobe of the left lung 
V as the site ot pneumonia due to pneumococci of group 4, type XXXII 

inci eased dining the height of the disease and then giadually became 
smaller as the process abated Le\} obseived similar changes in the 
caidiac shadow 

16 Jung, T and Van Allen, C A Method of Recording Respiratory Iilove- 
ments on a Single Roentgenogram, Nat M J China 17 195, 1931 

17 Levj, R L The Size of the Heart m Pneumonia A Teleroentgeno- 
graphic Studi, with Obser^atlons on the Kffect of Digitalis Therapj, Arch Int 
Med 32 359 (Sept ) 1923 






KALTREIDER ET AL— LOBAR PNEUMONIA 


423 


The changes ni the aitenal blood were t}pical of lobai pneumonia 
(Stadie/® Barach and WoodweIl,^“ Meakins and Davies and otheis) 
The oxygen satuiation was below normal in all but one patient (C M ) 
The ox)^gen capacity was noimal Theie was a moderate reduction 
m the caibon dioxide content of the arterial blood (a range of fiom 35 

to 44 volumes per cent) When the value foi the ratio t ^tr/taplcity ^ 
was moie than 45 pei cent^ a ceitam degiee of anoxemia was always 
present 



Fig 9 — This patient, M L, a woman aged 46, was admitted to the hospital on 
Jan 8, 1935, and was discharged on January 24 The lower lobe of the right 
lung was the site of pneumonia due to pneumococci of group 4, type XXXII 

Deteuivniahons of the Pnlmomiy Capacity of Patients with Lohai 
Pneumonia Tieated hy Collapse Theiapy {Clinical Ohseivations) — 
AJost obsen^eis" have agreed that artificial pneumothorax m lobar 

18 Stadie, W C The Oxygen of the Arterial and Venous Blood in Pneu- 
monia and Its Relation to Cyanosis, J Exper Med 30 215, 1919 

19 Barach, A L, and Woodwell, M N Studies in Oxygen Therapy II 
In Pneumonia and Its Complications, Arch Int Med 28 394 (Oct ) 1921 

20 Meakins, J C , and Davies, H W Respiratorj'- Function in Disease, 
London, Oliver & Boyd, 1925 
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pneumonia is effectue only when treatment is instituted eaily and when 
the aftected lung is quickly and completely compressed All of oui 
patients were tieated early m the course of the disease (on oi before 
the fouith day), but complete collapse oi nearl}- complete collapse was 
effected in only two (E L and M L ) and moderate collapse in 
one (C M ) Total collapse in the othei cases was not obtained for 
several leasons (1) pleural adhesions weie present (T M ), (2) 
either the quantity of an injected was too small or the air was not 
injected fast enough (A D and I G ) oi (3) the process spread to 
the contialateial lung (W H ) Usually at each treatment sufficient 
an was given to establish a positive expiratoiy piessuie with a mean 



Fig 10 — This patient, W H, a man aged 21, was admitted to the hospital on 
March 11, 1935, and died on March 13 The upper lobe of the right lung was 
the site 01 pneumonia due to type I pneumococci 

intrapleural pressure in the neighborhood of 0 mm of water or slightly 
positive The total amount of air injected langed from 350 cc (I G ) 
to 2,250 cc (M L ) The clinical results were not striking Pleural 
pain when present was relieved in all cases (E L, I G and ML) 
Two patients (E L and I G ) volunteered the remark that they “felt 
better after the air” was given The injection of air caused no notice- 
able change in the pulse or respiratory rates except in one case 
(T M), in which respiratory distress developed during the second 
treatment After 300 cc was removed the distress was relieved Obvi- 
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ously, because of the small senes of cases, one is not justified in diawing 
any conclusions concerning the pioduction of a crisis by aitificial pneu- 
mothoiax Only two complications weie encounteied, a sterile pleural 
effusion (I G ) and acute lespiratoiy distiess (T M ) One of the 
seven patients (W H ) treated b)^ collapse theiapy died (seventy-two 
hours after the onset of the disease) At the time tieatment was insti- 
tuted the patient showed physical and i oentgenographic evidence of 
consolidation of the uppei lobe of the light lung Twenty-four houis 
before death occuiied a roentgenogram showed that the left lung was 
deal Clinically theie was a lapid spread to the opposite side after 
this, and at autopsy there was early involvement of the entiie left lung 

Details of the alterations in the pulmonary capacity are given in 
figures 4 to 10 After the fiist injection of an the absolute values for 
all the components weie lapidly and propoi tionally reduced, and sub- 
sequent insufflations caused a less marked diminution The various 
capacities expiessed in percentages of the predicted values were almost 
identical aftei seveial injections However, the reduction in the amount 
of residual air was slightly less than that of the other volumes There 
appealed to be some i elation between the amount of air given and 
the degree of diminution in the various capacities As a rule the decre- 
ment of the capacities amounted to a little moie than 50 per cent of 
the predicted values (from 40 to 50 per cent in E L , C M , I G and 
M L and from 50 to 60 pei cent in A D ) In one case (T M ) the 
injection of 800 cc of an over a peiiod of twenty-foui hours caused 
no 1 eduction in the volumes 

Interestingly enough, duimg the establishment of pneumothorax the 

toll f tpaaly X X decreased in all 

cases but one (T M ), indicating a more normal relationship of the 
volume of lesidual air, the midcapacity and the vital and total capacities 

After the crisis the values for all the different capacities gradually 
returned to noimal However, the restoration was more rapid in 
patients without pneumothorax (W A and EG) than in those treated 
by this procedure In two patients (E L and ML) the vital and 
total capacities did not reach their predicted values, even four or six 
months aftei the onset of the disease This discrepancy was due to 
the formula applied for the prediction The formula used in these cal- 
culations was based on the values obtained for normal women between 
the ages of 18 and 30 years Measurements recently made in this clinic 
for normal women m older age groups indicate that this formula does 
not apply to oldei women 

EOENTGENOGRAPHIC MEASUREMENTS 

Results of the various measurements are presented in the accom- 
panying table The height of the pulmonary field on the affected side 
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and the area of the pulmonary field were larger during maximum 
collapse than befoie the establishment or after the disappearance of 
the pneumothorax (see cases E L and M L , in which the affected 
lung was almost completely compressed) The measurements m the 
other cases showed no consistent changes Establishment of pneumo- 
thorax in patients with lobar pneumonia had no effect on the degree 
of dilatation of the heart 

COMMENT 

Pnlmomty Capacity in Patients with Umlateial Pnewnothoiax — 
The total and vital capacities and the midcapacity are proportionally 
reduced in patients with unilateral pneumothorax of several months’' 
duration It has been shown that the decrease in residual air is not 
proportional to that of the other capacities, resulting in a high value 

for the ratio VoS'tapacuy '^ determinations aie made shortly 

after a lefill is given, the diminution in this capacity is more marked 
(J K ) than when it is measured several days later (C J and D F ). 
Furtheimore, our results show that foi pneumothoraces of similar vol- 
umes the reduction m the amount of residual an was greater when 
the affected lung was rapidly collapsed (E L and M L ) than when 
It w^as more slowly compressed (C J and D F ) In other words, 
some time after the injection of air there occuis a gradual increase 
in the volume of the residual air This increment is probably due to 
an increase in the volume of the contralateral lung, usually referred 
to as “compensatory emphysema ” Anthony and Heme observed 
that the volume of the contralateial lung increases after the establish- 
ment of unilateral pneumothorax 

The pathogenesis of this t3'pe of emphysema is somewhat different 
from that of the obstructive tj'^pe The conditions (such as pneumonia, 
congestive heait failure, anoxemia, pulmonary fibrosis and pulmonary 
atelectasis) in which “compensatory emphj'sema” appears are not usu- 
ally associated with bronchial obstruction Prinzmetal said that he 
believed this is due to pulmonary distention He has shown m acute 
experiments on animals that in conditions in which there are an 
increased carbon dioxide and a decreased oxygen tension in the inspired 
air the intiapleural pressure is more negatne and the size of the chest 
increases When he exposed animals to low oxygen tension over a 
period of weeks, he found that the alveoli of the lungs were gieatly 
dilated Other investigators found similar changes but with the addi- 
tional findings of marked congestion of the capillaries (Hurtado^" 

21 Prinzmetal, M The Relation of Inspiratory Distention of the Lungs to 
Emphj^sema, J Allergy 5 493, 1934 

22 Hurtado, A Respiratory Adaptation of the Indian Natives of the Peruiian 
Andes Studies at High Altitudes, Am T Anthrop 17 137, 1932 
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and Huitado and others”®) and a decrease in the distensibihty of the 
lungs (Christie and Meakins®'*) In many of these conditions, espe- 
cially congestive heart failure and compression of one lung, m which 
“compensatory emph)'sema” develops the ciiculatory lather than the 
respiratory factors pla} the major role Von Basch on the basis 
of physical experiments and Christie and Meakins on the basis of 
in VIVO obseivations have shown that the compensatory emphysema 
associated with caidiac disease is due to circulator}’' adjustments More 
recently McIntosh pointed out that after thoracoplasty theie is 
increased congestion of the contialateral lung, accompanied with an 
increase in the volume of the residual an Although the mechanism 
involved in the production of this type of emphysema has not been 
determined, we believe, from the infoimation available, that the impor- 
tant etiologic factor is ciiculatory lather than respiiatory However, 
if either of these mechanisms continues for any considerable period, 
a loss of pulmonaiy elasticity, emphysema and a decreased negative 
intrapleural pressure result If this process is initiated by the respira- 
tory mechanism, one may expect to find a stimulus for increased inspi- 
ratory muscular activity, leading to pulmonary distention and 
hyperventilation of the whole lung or portions of it A little later, or 
even m the absence of pulmonary distention, there occuis congestion 
of the capillaries, with deci eased distensibihty of the lungs, accom- 
panied with a less negative intrapleural pressure The engorgement 
of the alveolar capillaiies and the increased iigidity of the lungs will 
increase the number and size of the alveolar air spaces, thus tending 
to increase the amount of lesidual air and decrease the vital capacity 

The relative inciease m the amount of residual air m unilateral 
pneumothorax of some months’ duiation is in all probability due to 
such a process It has been generally agieed by most recent investiga- 
tors (Coryllos and Birnbaum gave a review of the liteiature) that 
the circulation in the collapsed lung is progressively impaired Since 
the output of the heart lemains unalteied oi slightly decreased in some 

23 Hurtado, A , Kaltreider, N L, and McCann, W S Respiratory Adapta- 
tion to Anoxemia, Am J Physiol 109 626, 1934 

24 Christie, R V , and Meakins, J C The Intrapleural Pressure in Con- 
gestive Heart Failure and Its Clinical Significance, J Clin Investigation 13 323 
1934 

25 von Basch, cited by Lundsgaard, C Determination and Interpretation of 
Changes in Lung Volumes in Certain Heart Lesions, JAMA 80 163 (Jan 20) 
1923 

26 McIntosh, C A Respiratory Physiology in Thoracic Surgery, Ann Surg 
102 961, 1935 

27 Coryllos, P N , and Birnbaum, G L The Circulation in the Compressed 
Atelectatic and Pneumonic Lung, Arch Sul-g 19 1346 (Dec ) 1929 
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cases (Nylin,-® Bluhm and Couinand, Bryan and Ricliaids ®‘’) the 
volume of the blood and the blood flow must be greater in the uncol- 
lapsed lung, resulting m engorgement of the capillaries, which increases 
the rigidity of the lung and the alveolai air spaces, thus preventing 
collapse and increasing the volume of residual air The ventilation 
(at rest) is the same aftei pneumothorax as befoie Hence the ventila- 
tion of the uncollapsed lung must be doubled, thus ensuring a more 
uniform distribution of air throughout the lung (Meakins and 
Davies®®) This improvement m alveolar ventilation by hyperventila- 
tion, however, will be curtailed to some extent by the impairment in 
pulmonary elasticity and distensibility ( Christie and Meakins ~^) 

Alteiahons ni the Pulmonary Capacity in Patients with Lohai Pneu- 
monia — The observations presented indicate that the total and vital 
capacities are markedly reduced, while the amount of residual air may 
be slightty deci eased or actually higher than the predicted values The 
midcapacity is model ately reduced The vaiiabihty in the volume of 
the residual air m this acute infection is not surprising when one con- 
siders the numerous factors involved Atelectasis, bronchial occlusion 
with obliteiation of the alveoli, will tend to reduce the midcapacity and 
the amount of lesidual air On the other hand, there aie certain factors, 
such as pleuritic pain and general muscular weakness, that will prevent 
the thoracic cage and diaphragm from approaching their normal position 
at maximum expiration Consequently, there will be a tendency for the 
volume of residual air to be increased Although the process is unilat- 
eral, the opposite side cannot act wholly independently, so that even 
the volume of the healthy lung will be larger at the maximum expira- 
tory position than normally In three cases (W A , C M and I G ) in 
which we were able to obtain roentgenogi ams at maximum expiration 
both before and after the crisis, the area of the pulmonary fields was 
significantly greater during the height of the disease than during con- 
valescence In addition to these factors, changes in the parenchyma 
of the lung itself wull influence the volume of the lungs at the mid- 
capacity and maximum expiratory levels Van Allen and Wu have 
shown m experimental pneumonia that there is an increase in the 
elastic tension of the inflamed lungs Our preliminary findings m 

28 Nylin, G Untersuchungen uber das Mmutenvolumen des Herzens in 2 
Fallen mit einseitigem kunstlichem Pneumothorax, Beitr z Klin d Tuberk 83 
470, 1933 

29 Bluhm, I L Working Test as Clinical Method for Determining the 
Fiuiction of the Lungs, Acta med Scandmav, supp 65, 1935, p 1 

30 Cournand, A , Bryan, N A , and Richards, D W , Jr Cardiac Output 
m Relation to Unilateral Pneumothorax in Man, J Clin Investigation 14 181, 1935 

31 Van Allen, C M , and Wu, C Increased Elastic Tension of the Lung m 
Experimental Pneumonia, J Chn Investigation 11 589, 1932 
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several cases of lobar pneumonia support their observations These 
alterations, along with congestion of the capillaries in adjacent parts 
of the consolidated areas and anoxemia, will lead to “compensator} 
emphysema ” All of these factors will likewise influence the other 
components of the total capacity 

The Respvatoi y Fttnctwn m Cases of Lohai Pneumonia in Which 
Aitificial Pneumothoi ax Was Given — It has recently been shown that 

abnoimally high values for the latio ' to’tTi’tapai ' lty ^ associated 

with defective alveolar ventilation The increment in this ratio in 
patients with lobar pneumonia is an indication that theie are underlying 
factors 111 the respiratory system which tend to interfeie with pioper 
pulmonaiy ventilation Thus when pneumothoi ax is induced in a patient 
with this disease the affected lung, which is responsible for the derange- 
ment of the respiiator}^ function, is compressed, and its effects are 
gieatly minimized If the lung is completely collapsed and the mean 
intrapleural pressure is kept positive, ventilation in the affected lung 
will be negligible, and breathing will be accomplished in a fairly normal 
mannei by the contralateral lung, in spite of a greatly reduced 
pulmonary capacity The present work has shown that the ratio 

tJtaT ' t:aplrit> ^ whicli may be taken as an index of pulmonary effi- 
ciency, approaches a more noimal value after the institution of collapse 
Furthermoie, it has been shown by otheis (Means and Balboni that 
the onl}^ difference between a normal subject and a subject with a 
collapsed lung is that the latter when called on to increase the ventila- 
tion leaches his limit sooner than the former The pulmonary reserve 
IS great, and even though the components of the total capacity are 
reduced by more than half, the uncollapsed lung (at rest) is able to 
meet a thieefold to fivefold increase in metabolism If circulation and 
ventilation are parallel functions,^' after the compression of the affected 
lung the major portion of the blood will be shunted from it to the 
aerated lung, thereby increasing the saturation of the arterial blood 
and conceivably reducing the absorption of toxins 

Little IS as yet known of the rapidity with which these respiratory 
and circulatory adjustments in unilateral pneumothorax are made, but 
on the basis of available information concerning similar conditions, one 
is inclined to believe that the process, at least at first, is rapid In 

32 Hurtado, A , Kaltreider, N L, and McCann, W S Studies of Total 
Pulmonary Capacity and Its Subdivisions IX Relationship to the Ox 3 ’-gen Satu- 
ration and Carbon Dioxide Content of the Arterial Blood, J Clin Investigation 
14 94, 1935 

33 Means, J H, and Balboni, G M The Various Factors of Respiration 
in Persons with Pneumothorax, J Exper Med 24 671, 1916 
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experiments on animals Audi us found that the hlood content ot the 
collapsed lung fell from 100 to 60 per cent during the first half hour 
PrinzmetaP^ has shown that changes in intrapleural piessure and an 
increase in the capacity of the thoracic cage occurred several minutes 
after animals were exposed to high carbon dioxide and low oxygen 
tensions Furthermore, m three normal subjects it was found that 
the volume of lesidual air increased from 30 to 60 pei cent after 
exposure to a barometiic piessure of 419 mm of mercui}^ for sixty 
minutes Likewise, theie was marked dilatation of the capillaries and 
alveolai air spaces m the lungs of guinea-pigs exposed to the same 
pressure foi two houis These findings indicate that the circulatory 
and respiratory adjustments aie in process soon aftei the etiologic 
factors aie initiated 

From the expeiimental evidence available m the hteratuie it is 
questionable whethei there is an immediate increase m the oxygen con- 
tent of the arterial blood after pneumothorax is lapidly induced How- 
e\ er. when one lung was collapsed slowly, Meakms and Davies found 
that the arterial blood remained satuiated throughout the course and 
Mhen anoxemia was present prior to collapse therapy it was alleviated 
b} it Unfortunately thus fai we have not had an opportunity to secuie 
arterial blood befoie and aftei complete collapse m lobar pneumonia 
A conclusion on this point awaits furthei investigation 

In the light of the foiegomg considerations, when collapse therapy 
is given to a patient with lobar pneumonia he should obtain relief from 
the following symptoms (1) pleural pain, (2) respiratory distiess and 
(3) the long list of symptoms due to anoxemia In numerous papers"" 
dealing with artificial pneumothorax in the treatment of lobar pneu- 
monia, most authors agree that these symptoms are ameliorated 

The readjustments after the induction of unilateial pneumothorax 
in lobar pneumonia aie complicated because other factors besides respi- 
lation exert an influence on the lungs and lesser circulation Until 
more clinical and investigative infoimation on these cardiovasctilai and 
lespiratory factors is available, one is not justified in drawing definite 
conclusions as to the effect on the cardiorespiiatoiy system oi the 
therapeutic value of the proceduie However, the information at hand 
suggests that aitificial pneumothoiax in cases of lobar pneumonia is 
a lational piocedure fiom the point of view of respiiatorj^ function 

34 Andrus, W deW Observations on the Cardiorespirator)' Phvsiology 
Following the Collapse of One Lung by Bronchial Ligation, Arch Surg 10 506 
(Jan ) 1925 

35 Klein, T , and Tuck, V L Artificial Pneumothorax in the Treatment ot 
Lobar Pneumonia, Am Rev Tuberc 32 511, 1935 Leopold and Lieberman^'* 
Blake, Howard and Hull -<= 
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SUMMARY AND CONCLUSIONS 

Determinations of the total pulmonary capacity and its components 
and roentgenogi aphic measuiements of the expansion and size of the 
chest have been made foi thiee patients with pulmonaiy tubeiculosis 
who were given unilateial pneumothoiax, foi two patients with lobai 
pneumonia and for seven patients with lobai pneumonia duiing the 
induction of artificial pneumothoiax The gaseous content of the 
arterial blood was determined ni eight of these cases The lesults 
obtained led to the following conclusions 

The total and vital capacities and the midcapacity aie piopoitionally 
1 educed in a patient with unilateral pneumothoiax of seveial months’ 
duiation The volume of lesidual an is not diminished in propoition to 

the other capacities, resulting in an inciease in the ratio to'taT capacity 

The efifect of posture on the pulmonaiy capacity of a patient with 
unilateral pneumothorax is similar to that found in normal subjects 
In a patient with pulmonary tuberculosis with unilateral pneumo- 
thorax the exclusion of the diaphiagm and the movement of the ribs 
are greatly reduced on the aflected side 

Early in the course of lobar pneumonia the total and vital capacities 
aie markedly reduced, while the volume of lesidual air may be only 
slightly decreased or actually higher than the predicted volume The 
midcapacity is moderately i educed As the disease progresses the abso- 
lute values are fuither diminished Beginning several days after the 
Cl ISIS all the volumes giadually leturn to the predicted levels 

The ability to expand the chest is diminished during the eaily 
stages of lobar pneumonia, especially on the affected side The size of 
the heart increases both in aiea and in tiansveise diametei during the 
febrile period and diminishes during convalescence 

The oxygen saturation and the caibon dioxide content of the aiteiial 
blood are reduced duiing the early stages of lobar pneumonia 

During the induction of artificial pneumothoiax in cases of lobai 
pneumonia the total capacity and all its subdivisions (expiessed as per- 
centages of the piedicted values) aie piopoitionally reduced, lesulting 
in a more noimal lelationship between the volume of residual an and 
the total capacity 

The height of the pulmonai) field, measured on a loentgenogram, 
on the side of the pneumothorax and the area of the pulmonary field 
at maximum inspiration are inci eased dining the peiiod of maximum 
collapse 

The factors lesponsible foi the alteiations in the total pulmonaiy 
capacity and its subdivisions in lobar pneumonia and collapse therapy 
aie discussed 
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Fiom 1667, when the first blood transfusion was given to man by 
Jean Baptiste Denys, ^ until the discovery of hemagglutination by Land- 
stemer “ m 1901 and the classification of blood groups by Jansky ® 
ll907) and Moss ^ (1910), hemoglobinuria was accepted as a common 
accompaniment of the injection of blood intravenously In many of the 
patients who showed hemoglobin in the uiine lenal insufficiency devel- 
oped, and death followed Since testing the donor’s and the recipient’s 
blood for agglutination has become common, the incidence of severe com- 
plications from blood transfusions has, fortunately, greatly diminished 
Hesse and Filatov reported a mortality of 1 3 pei cent from 750 
transfusions in Leningrad They'^ estimated that in general the mortality 
in various clinics was between 0 5 and 1 5 per cent Tiber® (1930) 
reported 2 deaths from 1,467 transfusions (0 013 per cent) at Bellevue 
Hospital Witts® described 3 deaths m 3,430 transfusions in Great 
Britain Wildegans'^ placed the mortality from blood transfusions 
between 0 1 and 0 2 per cent 

From the Department of Internal Medicine, the State University of Iowa 
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Many of the deaths following blood tiansfusion aie apparentl}'’ due 
to lenal insufficienc} There are many excellent desciiptions of this 
syndrome in the hteiature Commonly the tiansfusion is accompanied, 
or soon followed, by pain in the lumbai legion oi thighs, a feeling of 
constriction in the chest, chills and fevei Shock often occuis Icterus 
may develop within a few houis Hemoglobmui la is usually present 
Partial oi complete suppiession of the uiinai} excretion may ensue 
with consequent retention of nitiogen When the lenal function is 
impaired the patient usually dies in coma fiom foui to fifteen days 
after the tiansfusion, although a few patients recovei spontaneously 
The recipient’s seium has been proved to agglutinate the donoi’s cells 
in most instances, but no such incompatibility has been proved in some 
cases Pathologic studies show that the principal oigan affected is the 
kidney Theie is inteistitial cellular infiltiation The glomeiuh are 
normal oi dilated The tubular epithelium shows vaiious degiees of 
degeneration, while the lumens contain leukocytes, debus and masses 
of brownish pigment Lmdau ® and Boidley'’ have piesented excellent 
leviews of the recent hteiature Lmdau called attention to the simi- 
larity between the clinical and the pathologic pictuie of tiansfusion 
anuria and the anuric episodes occuiiing in blackwatei fever The rela- 
tionship had pi eviously been noted by Bakei and Dodds Dudgeon 
observed various degrees of renal damage in patients dying of black- 
water fever, but Whipple^- could not attiibute any injuiy to hemo- 
globinuria per se m the patients he studied 

Our interest in this subject was stimulated by the occuiience in the 
University Hospital of two fatal cases of renal insufficiency following 
blood tiansfusion These have been leported elsewhere^® As both our 
clinical experience and a leview of the literature pointed to no prom- 
ising theiapeutic proceduies in this condition, the problem was attacked 
experimentally 

As eaily as 1875 Ponfik^^ produced a somewhat similai clinical and 
pathologic picture in dogs by the injection of heterogenous blood 

8 Lmdau, A Reaktionen nach Bluttransfusion Eine atiologische und 
pathologisch-anatomische Studie, Acta path et microbiol Scandinav 5 383, 1928 

9 Bordley, J Reactions Following Transfusion of Blood, with Urinarv 
Suppression and Uremia, Arch Int Med 47 288 (Feb ) 1931 

10 Baker, S L , and Dodds, E C Obstruction of the Renal Tubules During 
the Excretion of Hemoglobin, Bnt J Exper Path 6 247, 1925 

11 Dudgeon, L S Black water Fever, J Hyg 19 208, 1921 

12 Whipple, G H Pathology of Blackwater Fever, Am J Trop Med 

7 1, 1927 

13 DeGowm, E L, and Baldridge, C W Fatal Anuria Following Blood 
Transfusions Inadequacy of Present Tests for Compatibilit}^ Am J M Sc 
188 555, 1934 

14 Ponfik Experimentelle Beitrage zur Lehre von der Transfusion, Virchows 
Arch f path Anat 62 273, 1875 
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Levy supplemented these obseivations by producing expeiimental 
hemoglobinuria in rabbits He concluded that the excretion of hemo- 
globin pioduced the lenal lesions In 1911 Yorke and Nauss reported 
that anuria and subsequent death could be produced by the intravenous 
injection of homogenous hemoglobin into rabbits fed on dry diets This 
phenomenon did not occur when the animals weie eating green food 
The authors explained these results by postulating that the filtiation 
piessure of the glomeruli was lowered by the low intake of fluid Baker 
and Doddsd° however, challenged this explanation and produced experi- 
ments to show that the real difference lay in the fact that the rabbits 
in which renal insufficiency developed had acid urine, while those with 
alkaline urine were protected They reported also in vitro experiments 
to show that solutions of hemoglobin weie precipitated m acid solutions 
as acid hematm and that this reaction was augmented by the presence of 
more than 1 per cent sodium chloride These authors considered that 
the pathologic and chemical picture could be entirely explained by the 
pi ecipitation of hemoglobin in the tubular lumens m an acid solution 
rrith a high concentration of electrolyte, thus producing intrarenal 
obstruction 

Recent evidence has been introduced to show that renal ischemia may 
be an impoitant factor in this pioblem Mason and Mann reported a 
transient decrease in the volume of the dogs kidney due to intravenous 
injections of hemoglobin The glomeruli of the frog’s kidney were 
observed to constrict under similar conditions From the Scientific 
Institute for Blood Transfusion m Leningrad have come the reports of 
a series of studies by Hesse and his co-workers They have observed a 

15 Levy, L Untersuchungen uber die Nierenveranderungen bei expenment- 
eller Hamoglobinune, Deutsches Arch f klin Med 81 359, 1904 

16 Yorke, W , and Nauss, R W The Mechanism of the Production of 
Suppression of Urine in Blackwater Fever, Ann Trop Med 5 287, 1911 

17 Mason, J B , and Mann, B F Effect of Hemoglobin on the Volume of 
Kidney, Am J Physiol 98 181, 1931 

18 (fl) Hesse, E, and Filatov, A Experimentelle Untersuchungen uber das 
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Beemflussung desselben I Die Nierenfunktionsstorungen im akuten Experiment, 
Ztschr f d ges exper Med 86 211, 1933 (b) Petroff, J , Filatov, A , 

Bogomolora, L, and Stroikova, X I Die Pathogenese der Veranderungen des 
Herzens und der Gefasse, Arch f khn Chir 181 209, 1934 (c) Wesselkm, P , 
Lindenbaum, J , and Kartashevskiv, N G H Die Rolle des Zentralnervensystems 
in der Pathogenese der Gefass-storungen beim hamolytischen Schock, ibid 181 227, 
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Einfuhrung von heterogenem und autohamolysiertem Blut, ibid 181 240, 1934 
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tralbl f Chir 59 2674, 1932 
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transient diminution in the renal volume and a fall in the systemic blood 
pressuie following the injection into dogs of hemolyzed homogenous 
blood oi whole human blood The changes Avere more marked^with the 
heteiogenous blood and less marked with citrated blood which had been 
pieseived foi ten days It was shown that the primary mechanism Avas 
the consti icting action of the hemoglobin on the i enal vessels themselves 
Transfusions of compatible blood lelaxed the spasm of the renal A'^essels 
and restored the function of the kidney It AA’^as frequently possible to 
kill a dog with a single transfusion of human blood, but raiely did 
canine blood prove fatal The dogs died tAvo oi thiee days aftei a 
tiansfusion, Avith mild retention of nitrogen and suppiession of mine 
The pathologic studies have not 3 ^et been published The Russian 
Avorkers haA^e abandoned the theoi)'^ that lenal insufficiency is due to 
obstruction by precipitated hemoglobin They have stated as their belief 
that the impairment of the lenal function and the consequent pathologic 
changes can all be explained by spasm of the renal arteries and the 
lesulting ischemia 

The injection of solutions of homogenous hemoglobin intiavenously 
has been geneially consideied to be an innocuous pioceduie (Bajdiss 
Havill, Licht}^ Taylor and Whipple-® demonstiated that hemoglobin is 
a threshold substance for the kidney of the dog and that it is probably 
excieted thiough the glomeiuh, as the thieshold is not changed Avhen 
the tubules have been poisoned Avitli meicuiy bichloiide Keiiidge and 
Bayliss,-^ on the basis of perfusion expeiiments, concluded that proteins 
Avith a moleculai weight gi eater than 68,000 do not filtei thiough the 
glomeiuh, while those of smallei size do Hemoglobin, Avith a moleculai 
Aveight of appi oximately 68,000, is a bordeihne substance and at times 
does filtei through the glomerulai membiane Diabkin, Wideiman and 
LandoAv -* have lecently shown by spectrophotometi ic analyses that Avhen 
hemoglobin is injected intravenously into a dog, it lapidly disappears 
fiom the blood seium but that only about 10 per cent appears in the 
mine It is excreted as hemoglobin, but on standing in contact Avith 
urine it is lapidly changed to methemoglobin 

19 Bayliss, W M Is Hemolyzed Blood Toxic? Brit J Exoer Path 1 1, 
1920 

20 Havill, W H , Lichty, J A , Jr , Ta 3 dor, G B , and Whipple, G H 
II Renal Threshold for Hemoglobin in Dogs Uninfluenced by Mercury Poisoning, 
J Ex'per Med 55 617, 1932 

21 Kerndge, P M T , and Bayliss, L E Physiology of Proteinuria, Lancet 
2 785, 1932 Ba}liss, L E , Kerndge, P M T, and Russell, D S Excretion 
of Protein by Alammalian Kidney, J PliA'siol 77 386, 1933 

22 Drabkin, D L , Widerman, A H , and LandoAV, H The Fate of 
Hemoglobin Injected into the Blood Stream, J Biol Chem 109 xxvii, 1935 
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METHODS 

All the dogs used in our studies were kept in metabolism cages during the 
periods of observation so that voided urine could be collected Catheterization was 
not performed, as we wished to avoid infection of the urinary tract as far as 
possible Observations were usually made on twenty-four hour specimens to which 
toluene had been added The volume, color and specific gravity were noted 
Chemical tests were made for the presence of albumin, dextrose and hemoglobin 
The centrifugated sediment was examined for casts, blood corpuscles and clumps 
of pigment In our first experiments the reaction of the urine was tested with 
litmus paper This proved not delicate enough, and later the approximate pn was 
determined by a senes of indicators, such as phenol red, bromthymol blue and 
bromcresol purple 

Blood was obtained from dogs which had been used for classes in surgical 
technic and had been under ether anesthesia for two hours Blood was collected 
from the femoral arteries by means of paraffined cannulas and then defibrinated 
by being shaken in large Erlenmeyer flasks with bent wire paper clips The 
defibrinated blood from several dogs was pooled and then centrifugated for forty- 
five minutes at 2,500 revolutions per minute, and the serum and the layer of 
leukocytes were drawm off ivith a pipet The red blood corpuscles were not 
washed, as experiments reported m the literature of the mnocuousness of serum 
did not seem to warrant the great amount of work entailed The corpuscles were 
stored in a refrigerator usually for one day, occasionally longer, and then used 
The cells were hemolyzed by being mixed with distilled water in the proportion 
of three parts of cells to four parts of water by volume The solution of hemo- 
globin was injected into the jugular vein by gravity, the velocity being controlled 
so that it rarely exceeded 20 cc per minute The dogs were not anesthetized 
during the transfusion and, with few exceptions, seemed to suffer no inconvenience 
at the time Specimens of blood for chemical analysis were obtained immediately 
preceding transfusion and at twenty-four-hour intervals thereafter until the death 
of the dog or until normal values for urea were attained 

Transfusions were given to each dog at intervals of from one week to several 
months, never being given more frequently Care was taken to administer trans- 
fusions of the same pooled blood to as many dogs on alkaline diets as on acid diets 
This served as a control on the toxicity of the blood from incidental causes Post- 
mortem examinations were performed as soon after death as possible, and routine 
histologic examinations were made of the kidnej’^s, adrenal glands, hvei, 
mesenteric lymph nodes, spleen, cardiac muscle, lungs and bone marrow from 
the femur 

experimental observations 

So far, studies have been made on a series of twenty-eight dogs over 
a period of more than two years Of this number, seven died of renal 
insufficienc}'^ following a tranfusion, two were killed when recovering 
from the same syndrome, three survived an episode of uremia, two died 
during a transfusion (apparently from speed shock), six died of an 
intercurrent infection, two were killed when in good health after many 
transfusions and one was discarded because it was ugly Five are still 
In mg, the data being too insufficient to report in detail at this time 

Over one hundred transfusions of dog hemoglobin have been given 
Most of the dogs showed no symptoms during the tiansfusion if the 
solution was administered slowly The hemoglobin appealed in the urine 
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almost immediately m quantities sufficient to color it The mine con- 
tinued to be reddish for one or two da}S, and chemical tests showed 
the presence of hemoglobin for two more da}s When theie was no 
significant retention of nitrogen the dogs appealed well A small amount 
of albumin occurred in the urine along with gioss hemoglobinuria 
Microscopic examination of the urinary sediment revealed various-sized 
masses of reddish biov;n pigment in the form of conglutinated globules 
There were no casts or red blood corpuscles 

If retention of nitrogen occuned after a tiansfusion, the animal was 
less active than normal and soon began to vomit It refused food but 
drank a large quantity of water, which was quickly regurgitated and 
seemed to serve as gastric lavage If it did not recover, the course was 
clinically progressive, and the urea and creatinine values of the blood 
rose daily A day befoie death the dog was so weak it could not stand 
The muscles became somewhat rigid, and thei e was occasional twitching 
Generalized convulsions were observed A few hours before death the 
dog became comatose Dogs died with this syndrome from four to 
ten days after a transfusion The final values for the urea nitrogen 
of the blood varied from 119 to 362 6 mg per hundred cubic centimeters 
and for creatimne from 4 6 to 15 mg Occasionally some degiee of 
alkalosis developed before an animal died, as determined by the carbon 
dioxide capacity and the chloride values of the plasma When retention 
of nitrogen developed after a tiansfusion, the urinary sediment con- 
tained numbers of large casts composed of dense masses of brownish 
pigment The maximum number was usually seen on the second day 
after the transfusion and were a reliable index as to whether retention 
of nitrogen was present in a given animal These casts have been 
desciibed as seen in rabbits and were photogiaphed by Baker and 
Dodds 

After a seemingly innocuous transfusion or aftei recovery from an 
episode of retention of nitrogen the urine is entirely normal, as judged 
by the specific gravity and the absence of albumin, dextrose, casts, 
hemoglobin pigments and erythrocytes 

Alkaline Diets — Dogs seem to live normally and grow fat on vege- 
table scraps from the hospital kitchens The entire dog colony of the 
medical college has been kept on this diet for years Dogs 3, 4, 12 
and 13 were kept on this diet and received from eight to fourteen 
transfusions of solution of dog hemoglobin without any deaths Their 
protocols aie summarized m table 1 Usually no significant rise in the 
urea content of the blood was noted In dog 4, however, there was an 
appreciable retention of nitrogen after several of the earlier transfusions 
We are uncertain as to the explanation for this, but it is possible that 
the dog was not eating and that the urine was slightly acid The speci- 
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mens of urine weie being tested for acidit} with litmus papei at the 
time, a method that was later found to be inadequate The piotocol of 
dog 12, as set forth in table 2, is interesting This animal was fed an 
alkaline diet over a period of eight months, but on several occasions it 

Table 1 — Data fat Dogs on Alkaline Diets 


Maximum Blood Values 
After Transfusion 


Dog 


4 


12 


13 


/ — > 



Number 


Urea 




of 

Hemoglobin 

Nitrogen, 

Creatinine, 


Weight, 

Trans 

Injected, 

Mg pel 

Mg per 


Kg 

fusions 

Co 

100 Oe 

100 Cc 

Comment 

90 

14 

19 0 

14 0 


All urine alkaline 



27 7 

18 2 

1 0 




15 0 

16 8 

1 0 




14 0 

57 4 

33 




16 6 

57 4 

2 5 




13 3 

39 9 

1 5 




16 6 

53 9 

12 




66 

18 2 

1 1 




14 4 

15 4 

10 




16 6 

29 4 

1 2 




16 6 






16 6 

371 

1 2 




14 0 

210 

1 2 




16 6 

20 3 

1 2 

Killed when in good health 
No nephropathy 

80 

9 

18 7 

88 9 

44 

All urine alkaline 



14 4 

113 4 

50 




7 5 

74 9 

50 




15 0 

59 5 

30 




18 7 

50 4 

1 2 




18 7 






18 7 

76 3 

34 




15 6 

51 1 

22 




18 7 

609 

27 

Killed when in good health 
No nephropathy 

8 5 

10 

15 0 

1210 

13 

Urine acid 



80 

238 

1 2 

Urine alkaline 



94 

1512 

5 5 

Urine acid 



10 0 

26 0 

10 

Urine alkaline 



10 0 

210 

10 

Urine alkaline 



8 6 

266 

1 0 

Urine alkaline 



83 

22 0 


Urine alkaline 



12 0 

27 0 


Urine alkaline 



30 

18 9 


Urine alkaline 



12 0 

133 7 

4 4 

Urine acid, killed 

Typical nephropathy 

16 0 

8 

15 0 

20 3 

11 

All urine alkaline 



72 

22 0 

1 0 




93 

210 

1 1 




11 2 

70 

10 




11 2 

119 

1 0 




112 

15 4 

10 




86 

35 4 

13 




26 0 

210 


13 divided doses (daily) 



60 

203 

10 

Bivmg 3 months later 


t amount of hemoglobin imected is expressed in cubic centimeters of packed erythro 

cues per kilogram of body weight before hemolysis 


lefused to eat and the mine became acid Tiansfusions while the urine 
was alkaline pioved innocuous, but when hemoglobin was injected in the 
presence of acid urine, retention ot nitrogen developed While recov- 
ering from one episode of azotemia, the dog was killed and the 
typical nephropathy associated with death due to lenal insufficiencv was 
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'observed Dogs 3 and 4 weie killed after receiving fourteen and nine 
tiansfusions, respective!}^ No lesions were seen, except depositions of 
rion-contaming pigment m the spleen, hvei, lymph nodes and epithelial 
cells of the convoluted renal tubules 

Aad Diets — Dogs were kept on diets consisting of cooked chopped 
beef, about ^ pound (225 Gm ) per day, with which was mixed about 
8 Gm of ammonium chloiide Beef alone often failed to make the mine 

Table 2 — Data foi Dog 12 on an AILahnc Diet with Vaiying Uunaiy Reaction 


Blood 




Urea 


Plasma 

Carbon 




Nitrogen, 

Creatinine, 

Chlorides, 

Dioxide 


Date, 

Pit of 

Mg per 

Mg per 

Mg per 

Capacity, 

M eight 9 Kg 

1935 

tJrlne 

100 Ce 

100 Cc 

100 Cc 

Vol % 

5/23 

68 

13 3 

10 

675 

49 0 

Transfusion 

2/25 


11 9 

10 

025 

410 


2/27 


70 0 

13 

690 

39 0 


3/ 2 

68 

1210 

13 

550 

50 0 

Transfusion 

3/ 7 


23 8 

1 2 

625 

62 0 


3/16 

3/17 

68 

17 5 

10 

665 

48 0 

Transfusion 


39 9 

2 5 

625 

47 0 


3/18 


89 9 

35 

612 

48 5 


3/19 


861 

38 

660 

48 0 


3/20 


119 0 

4 3 

640 

38 0 


3/21 


135 0 

4 4 

640 

37 0 


3/22 


151 2 

5 5 




3/23 


106 4 

4 7 

700 

30 0 


3/24 


114 8 

4 4 

600 

38 0 


3/26 


86 8 

4 4 




3/28 


56 0 





41 0 

72 

14 0 

1 0 


45 0 

Transfusion 

4/ 8 


26 0 

10 

615 

47 0 


4in 

70 

12 6 

10 

625 


Transfusion 

4jlo 


210 

10 




5/ 4 

72 

12 0 

10 

41> 

39 0 

Transfusion 

5/ 0 


26 6 

10 

600 

32 0 


10/13 

74 

13 0 

10 

452 

28 0 

Transfusion 

-VijU 


22 0 

10 

419 

30 0 


10/19 

70 

16 0 

1 0 

460 

42 0 

Transfusion 

10/25 


26 6 

1 0 

441 

51 0 

11/11 

78 

18 2 

10 


35 2 

Iransfusion 

1V12 


18 9 

1 1 


48 5 


12/ 1 

60 

98 

1 0 

640 

52 2 

Transfusion 

12/ 3 


99 4 

35 

581 

41 9 

12/ G 


123 9 

48 


37 2 


12/ 8 


133 7 

4 4 

600 

40 9 


12/10 


117 0 

4 6 

690 

42 8 

Improving clinically 
killed, typical 
nephropathy present 


peisistently acid The dogs would not eat food which contained much 
moie than 8 Gm of ammonium chloride and occasionally refused this 
amount foi seveial da}s at a time The dogs usually held their weight 
on this diet and, while theie was a tendency for the cat bon dioxide 
capacity to become lower and for the chloiide content of the plasma to 
become highei, this was not constant and remained within the limits 
of vaiiation of the values for dogs on the alkaline diets 

We weie naturally concerned with the effects of the diet itself on 
the lenal function and pathologic picture Neither albuminuria nor 
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cyhndruria developed as a lesult of the diet alone Of twenty-three dogs 
which had been on this diet foi varying lengths of tune up to five 
months, only in dog 8 did glycosuria develop at the end of three months 
This disappeared when an alkaline diet was substituted and has not 
returned, although the acid diet has been resumed Dog 7 died of speed 
shock duiing a transfusion, and although it had been on the diet con- 
tinuously foi four months, no histologic lesions weie seen which could 
be attiibuted to the diet 

Table 3 — Data foi Dogs on Acid Diets 


Ma\imuin Blood 
Values Alter 
Transfusion 





Number 

Hemo 

Urea 

Great 





of 

globim 

Nitrogen, 

mine. 




Vt eight. 

Trans 

Injected, 

Mg per 

Mg per 


Bog 

Sex 

Kg 

fusions 

Cc 

100 Cc 

100 Cc 

Comment* 

1 

d 

93 

3 

a 5 








222 

26 6 







27 7 

120 4 


Bled in coma 10 days after trans 








fusion, typical nephropathy 

2 

d 

70 

2 

14 2 

20 3 







35 7 

217 7 

57 

Bied in coma 8 days after trans 
fusion, typical nephropathy 

3 

9 

10 0 

3 

12 5 

39 9 

24 





15 0 

70 7 

32 






12 5 

217 7 

46 

Bled in coma 7 days after trans 
fusion, typical nephropathy 

10 

9 

11 0 

7 

12 3 

210 

09 





no 

301 

17 






90 

301 

21 






10 0 

18 2 

10 






10 0 

17 5 

10 






10 0 

18 9 

1 2 






84 

19 6 

10 

Ln ing 3 months later 

11 

9 

10 0 

0 

SO 

16 8 

1 0 






11 4 

350 0 

12 5 

Bled m coma 4 days after trans 








fusion, typical nephropathy 

20 

9 

11 4 

1 

90 

119 0 

53 

Killed Tvhen recovering 5 days after 


transfusion, urea nitrogen 95 9 
mg , creatinine 3 mg , typical 
nephropathy 


21 

d 

100 

1 

10 0 

266 0 

10 0 

Bled in coma 5 days after trans 
fusion, typical nephropathy 

8 

d 

12 0 

2 

10 0 

85 4 

30 

Survived 

22 

9 

110 

1 

95 

81 9 

35 

Survived 

hi 

d 

S 5 

1 

10 0 

3241 

12 2 

Bied in coma 7 days after trans 
fusion, typical nephropathy 

24 

9 

9 5 

1 

90 

«62 6 

15 0 

Bied in coma 6 days after trans 
fusion, typical nephropathy 

20 

d 

9 5 

1 

10 0 

123 9 

50 

Survived 


■* ‘UI the specimens of urine -were acid 

t The amount of hemoglobin injected is expressed in cubic centimeters of packed erythio 
cytes per kilogram of body ireight before hemolysis 

Of the twenty-three dogs which received transfusions while on acid 
diets, set en died of renal insufficiency and one was killed when recover- 
ing All showed the typical nephiopathy, to be described One dog 
received seven transfusions without effect and died later of intercurrent 
infecbon The protocols of these are summarized in table 3 In dogs 
20, 21, 23 and 24 retention of nitrogen developed after the first trans- 
fusion The others died after ttvo, two, three and three transfusions, 
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respectively Dogs 7 and 19 died of speed shock Dogs 9, 10, 13, 14 
15 and 16 died of intercurrent infection Dogs 17 and IS are still 
living, the data being insulficient to record at this time The piotocol 
of a typical dog on an acid diet is given in table 4 

Changes m Uiinaiy Volume — ^Aftei transfusion there was geneially 
diuresis duiing the first twenty-foui hours In only two dogs (dogs 11 
and 21) was theie suppression of urine after a transfusion, and in these 
cases theie was anuiia foi the four and five days, respectively, elapsing 
between the tiansfusion and the death in coma-® In the othei dogs 

Table 4 — Pioiocol of Dog 5 on Acid Diet 


Blood 





Lnne 



Urea 

Great- 

iTiino 



/ 






iUlllbf 


Date, 

Volume, 

Specific 



Hemo 

Mg per 

Mg per 


1934 

Cc 

Gravity 

Reaction 

Albumin 

globin 

100 Cc 

100 Cc 


5/19 

200 

1018 

Acid 

0 

0 

12 2 

1 0 

Transfusion 

5/20 

700 

1 008 

Acid 

++ 

+ -r + -r 




5/21 

0 





28 0 

24 


5/22 

975 

1015 

Alkaline 

0 

+ + 




5/23 

0 








5/24 

300 

1 015 

Acid 

+ 

+ 




5/25 

650 

1 015 

Acid 

Trace 

Trace 

39 9 

1 0 


5/26 

600 

1 015 

Acid 

0 

0 




n/17 

100 


Alkaline 

0 

0 

12 2 

1 0 

Transfusion 

11/18 

700 


Alkaline 

++ 

+++ + 




11/19 

500 

1 006 

Alkaline 

+ 

-*-++ 

60 2 

30 


11/20 

400 

1010 

Alkaline 

+ 

+++ 


( 


11/21 

600 


Acid 

0 

+ 

70 7 

32 


11/22 

0 








11/23 

1,000 


Acid 

0 

Trace 




11/25 






47 6 

1 3 


12/ 3 






280 

1 1 


12/ 8 

500 

1 010 

Acid 

0 

0 

18 9 

10 

Transfusion 

12/ 9 

560 


Acid 

++ 

H — 1 — 1"+ 

56 0 

28 

Vomitmg 

12/10 

1,100 


Acid 

+ 

+++ 



Vomiting 

12/11 

425t 

1 006 

Acid 

0 

++ 

159 6 

50 

Vomiting 

12/12 

550t 

1012 

Acid 

Trace 

++ 



Vomiting 

12/13 

950t 

1008 

Neutral 

Trace 

+ 

176 0 

40 

Vomiting 

12/14 

0 







Rigidity 

12/15 

900t 

1009 

Acid 

Trace 

Trace 

217 7 

4 6 

Comatose 

12/16 

Died m coma, typical nephropathy 






i The urine contained many casts of hemoglobin pigment 


that died of lenal insufficiency the volume of urine excreted continued 
to be fairly high until death occurred The amounts could not be 
accurately estimated because undei the conditions of collection the urine 
was frequently mixed with vomitus 

Renal Vasoconstuchon — We made no direct observations of this 
phenomenon m our material We doubt whether it was an important 
factor, however, because many of the dogs voided bright red urine 

23 It IS notable that of the dogs that died of renal insufficiency dog 11 had the 
most rapid death and high terminal values foi the urea and creatinine contents 
of the blood 
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■containing hemoglobin immediately after the conclusion of a transfusion, 
and, as has been noted, theie usually was diuresis during the first 
twenty-four hours 

Speed Shock — Dogs 7 and 19 died on the table dining a tians- 
fusion While the solution of hemoglobin was running into the jugulai 
Acm, restlessness developed, with sudden d} spnea and convulsive move- 
ments In dog 7 respiration and the heart beat stopped simultaneously 
In dog 19 the heart continued to function for seveial minutes after 
lespiration had ceased Autopsy revealed nothing but a rather dilated 
lieart and engorged jugulai veins An examination of the hi am and 
spinal cold was not made, however In the first case the velocity of 
the transfusion had been fast In the second case the late was 6 cc 
of solution per minute During the course of many transfusions it was 
observed that a velocity of over 20 cc per minute frequentl} induced 
dyspnea and transient convulsive movements, which promptly disap- 
peared when the velocity was decreased Hirshfeld, Hyman and 
Wanger^* described this syndrome and named it The} showed that 
it could be produced by the' rapid intraienous injection of a number 
of unrelated substances, such as hypotonic, isotonic and hypertonic 
■solutions, sugars, colloids and gels, suspensions and blood 

Repeated T)ansfustons — Of the seven dogs that died of lenal insuf- 
ficiency, thiee died after one transfusion, two aftei two transfusions 
and two after three transfusions There was no chemical evidence of an 
accumulative effect from previous transfusions An experiment was 
set up to test this factoi Dog 13 was given an alkaline diet, and 
dog 15 was given an acid diet Each received thirteen small daily 
injections of the same lot of dog hemoglobin The dose was 2 cc 
per kilogram of packed corpuscles hemolyzed with distilled water 
These injections caused continuous hemoglobmui la foi fifteen days 
The urea and the creatinine content of the blood remained normal 
foi both dogs 

Pathologic pAammahon — A detailed study of the pathologic picture 
ill human beings who died as a lesult of a blood transfusion and in 
the dogs which wa used wull be reported m another paper In the 
dogs that died of renal insufficiency the significant lesions were con- 
fined to the kidneys The glomeruli were normal The lumens of the 
distal segments of the lenal tubules wmre filled wnth brownish pigment 
that was closely packed and, in some places, m ciystalhne form The 
pigment w^as so arianged as to block the tubules completely The 
capillaiies weie engorged, and there was some interstitial leukocytic 

24 Hirshfeld, S Hj man H T , and Wanger, J J Influence of Velocity on 
the Response to Intravenous Injections, Arch Int Med 47 259 (Feb ) 1931 
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infiltration Some of the tubules were filled \Mth leukoc}tes also The 
tubular epithelium semed to be little damaged The lesion appeared 
to be purely obstructne 

COMMENT 

In our experiments the chemical studies of the blood and the patho- 
logic picture of the lenal lesions seemed to favor the explanation that 
renal insufficiency due to blood transfusion can be caused by precipi- 
tation of hemoglobin 111 the lenal tubules and the production of insuffi- 
ciency by obstruction This is at variance with the theoiy of Hesse 
and his co-workers, which attributes the primai} cause to ^asocon- 
striction of the kidne}s We wish to point out some appaient diffei- 
ences between the syndiome produced in oui dogs and that set forth 
in Iljin’s report In the Russian expeiiments whole human blood 
was injected into a series of nine dogs Five suivived and foui died 
These four all showed anuria and died two da}s aftei the tiansfusion, 
with relatively slight letention of nitrogen Those suivivmg had tem- 
porary oliguria Eight dogs weie given a transfusion of their own 
hemolyzed blood Seven suivived, and one died m three dajs with an 
undetermined amount of retention of nitrogen No mention is made 
of the type of diet or of the reaction of the mine A leport on the 
pathologic studies has not yet been published In many cases the 
velocity of transfusion was much faster than that uhich we employed 
Fiom their protocols we have calculated that the aveiage velocity of 
transfusion in the cases of the dogs that died was 35 7 cc per minute 
We were unable to give a solution of hemoglobin as fast as that with- 
out causing symptoms of speed shock So it seems possible that the 
Russian woikeis are stud} mg a different syndrome from the one we 
have here reported 

The fact that seveial tiansfusions have been requiied to pioduce 
lenal insufficiency in many of our dogs can be given various interpre- 
tations Since four dogs have shown letention of nitrogen, with the 
typical pathologic picture after a single tiansfusion, the possibility of 
anaphylaxis is piecluded Renal lesions due to acidosis or alkalosis 
per se seem to be ruled out by 0111 chemical studies We choose to 
believe that theie is still another factor besides urinary acidity which 
remains to be elucidated and, when controlled it will enable us to 
pioduce the s}ndrome more consistently 

At the time the present article was being wiitten a papei appeared 
by Melnick, Burack and Cow gill-"' wdiich lepoited a series of expen- 

25 Melnick, D , Burack, E and Cowgill, G R Development of Incompati- 
bilities in Dogs b}- Repeated Infusions of Red Blood Cells Proc Soc Exper Biol 
& Med 33 616 (Jan ) 1936 
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ments m which dogs were repeatedly given tiansfusions of citiated 
blood from the same canine donors Apparently very low titeis of agglu- 
tinins and hemolysins in the recipients were increased after each trans- 
fusion, so that the results were clinically significant We have not 
had time to study this phenomenon in relation to our work, but it 
should be pointed out that we used hemolyzed blood entirely, which 
was always pooled from three or four dogs and distributed among 
four dogs, and the syndrome produced that was due to renal insuffi- 
ciency was unlike that ascribed to incompatible dog blood The authors 
iOported that no pathologic lesions weie observed 

SUMMARY 

When the urine is alkaline the intiavenous injection of a large 
amount of dog hemoglobin into dogs seems to be innocuous Under 
such conditions four dogs received a total of thirty-eight transfusions 
without harm In one of the dogs retention of nitrogen developed on 
three occasions when the transfusion was given while the urine was 
acid 

When the urine is acid, transfusions of hemoglobin sooner or 
later produce renal insufficiency Seven dogs died in coma from four 
to ten days after the transfusion, with the urea nitrogen values of the 
blood ranging between 120 and 362 6 mg per hundred cubic centimeters 
and creatinine values between 4 6 and 15 mg One dog was killed 
when recovering, the urea nitrogen content of the blood being 95 mg 
Only one dog survived seven transfusions when on an acid diet This 
syndrome, clinically and chemicall}'’, closely simulates that which devel- 
ops in human beings with renal insufficiency resulting from hemo- 
globinuria 

Fiom pathologic studies it appears that the cause of renal insuffi- 
ciency resulting from hemoglobinuria in dogs is the obstruction of 
tlie tubular lumens with masses of pigment derived from hemoglobin 

These studies substantially confirm the experiments perfoimed on 
rabbits by Baker and Dodds 

Assistance was rendered by Dr C W Baldridge before his death in an 
automobile accident on Nov 22, 1934 Dr H P Smith, professor of pathology, 
and Dr R B Gibson, associate professor of biochemistry, gave advice on many 
matters The members of the department of surgery made it possible for us to 
secure large quantities of dog blood 



CHANGING INCIDENCE OF TUBERCULOSIS 
OF THE TONSILS 


M CATHERINE MAGEE, MD 

ANN ARBOR, MICH 

Numerous investigations have dealt with the incidence of tubei- 
■culosis in surgically removed tonsils Howevei, the majority of the 
eaihei repoits were based on lelatively small series of cases or on selected 
cases, from which the true incidence of tuberculosis in surgically lemoved 
tonsils in all age gioups, ii respective of the presence oi absence of 
tuberculosis elsewhere, could not be determined 

Wellei ^ was the first to repoit a series of sufficient length and 
nonselectivity to answer this question The tonsils studied comprised 
the suigical material received as a loutine in this laboratory duimg the 
years 1906 to 1919 The faucial and/or pharyngeal tonsils of 8,607 
patients were studied, and the incidence of tubeiculosis for the entire 
group was found to be 2 35 per cent 

As the literature previous to 1921 was compiehensivel} leviewed 
in that paper,^ it will not be dealt with heie Since 1921 few series 
of sufficient size to be of value have been repoited Mulhn - analyzed 
400 tonsils and found the pioportion with tuberculous infection to be 
4 25 per cent, but it should be noted that in 60 per cent of his cases there 
was clinical evidence of tuberculosis elsewhei e MacCready and Crowe ^ 
found an incidence of 4 18 per cent m the examination of tonsils of 
3,260 children Howaith ^ found tubercles in 5 per cent of 100 tonsils 
of children from 3 to 15 yeais old Foi a senes of 200 patients in 
the same age group Scaift and Whitby® lepoited an incidence of 
2 per cent 

From the Department of Pathology, the University of Llichigan 

1 Weller, Carl V The Incidence and Histopathologj’- of Tuberculosis of 
the Tonsils, Based on Eight Thousand Six Hundred Tonsillectomies, Arch Int 
Aled 27 631 (June) 1921 

2 Mulhn, W V An Analysis of Some Cases of Tubercles in the Tonsil, 
J A AI A 80 1211 (April 28) 1923 

3 MacCready, P B , and Crowe, S J Tuberculosis of the Tonsils and 
Adenoids A Clinical and Roentgen-Ray Study of Fifty Cases Observed for Fne 
Years After Operation, Am J Dis Child 27 112 (Feb ) 1924 

4 Howarth, Walter G, and Glojme, S R The Nature and Path of Infec- 
tion in the Tonsils, J Laryng & Otol 39 429 (Aug ) 1924 

5 Scarff, Gordon R, and Whitby, L E H The Incidence of Tuberculous 
Infection in the Faucial and Pharyngeal Tonsils of Children, J Lar\ng & Otol 
43 328 (Alay) 1928 
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Wilkinson® and Rossner ‘ have repoited series which can be com- 
pared with those studied in this laboratory, since their cases were not 
selected but represented the routine examination of tonsils of subjects 
in all age groups For 600 pairs of tonsils lemoved in 1900 Wilkinson 
found the incidence of tuberculosis to be 1 33 per cent, but only 0 5 per 
cent foi 10,000 tonsils removed fiom 1923 to 1927 Rossner reported 
the diagnosis of tuberculosis in 1 01 per cent of 296 cases, the ages 
vaiying from 2 to 61 }ears 

In view of the deci eased incidence of most forms of tuberculosis, 
particulaily those^of the respnatory tract, it became desirable to deter- 
mine whethei the incidence of tonsillar tubeiculosis also has decreased 
in the matei lal examined in this laboratory Wilkinson ® has shown such 
a change in the material at the Mar^o Clmic For this purpose the 

Incidence of Titbei ttdosts in Tonsils, 1933 to 1935 


All Cases Faucial Tonsils Pliarvngeal Tonsils 


4ge Groups, 
■years 
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41 
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1 
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12 
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2 
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817 

1 
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430 

1 

0 23 

Total 

6,359 

2S 

0 44 

6,317 

24 

0 38 

3,863 

7 

018 


specimens obtained at 6,280 tonsillectomies, which were performed 
during the }eais 1933 to 1935, weie leviewed, and the results were 
summaiized in order to make them comparable to the senes of 8,697 
specimens studied piior to 1921 (Weller^) 

The technic used in the preparation of these tonsils for microscopic 
examination was that outlined by Weller m 1921 fixation in solution 
of formaldehyde, bisection of the tonsil in a vertical plane at right angles 
to the mucous suiface and micioscopic examination of a section repre- 
senting the entire cut suiface, after the tissue had been embedded in 
paraffin and stained with hematoxylin and eosin As was appreciated 
in 1921 there is an erroi in examining only one section of a tonsil, even 

6 Wilkinson H Fielding Pathologic Changes in Tonsils A Study of Ten 
Thousand Pairs of Tonsils with Special Reference to the Presence of Cartilage, 
Bone, Tuberculosis and Bodies Suggestive of Actinomycosis, Arch Otolaryng 10 
127 (Aug) 1929 

7 Rossner, Therese Haufigkeit und Bedeutung der Tonsillentuberkulose, 
Arch f Ohren-, Nasen- u Kehlkopfh 135 214, 1933 




MAGEE— TUBERCULOSIS Of TONSILS 


447 


though it IS an optimum section The method employed, however, is 
the only one suitable for the routine examination of a large quantity of 
material 

The results of this study are summarized in the accompanying table, 
which IS self-explanatoiy The incidence of tuberculosis in the faucial 
tonsils in the vaiious age groups showed some variation, the lowest 
(0 27 pel cent) being in the youngest age group (0 to 5 yeais), while 
the highest (0 78 per cent) was found in the age period from 21 to 30 
years During the age peiiod of 6 to 10 years tubercles weie present 
in 0 53 per cent of cases The other age groups showed a rather con- 
stant incidence of tonsillai tuberculosis, \aiymg only from 0 38 to 0 41 
pel cent No involvement of the pharyngeal tonsils was noted in sub- 
jects more than 10 j'^ears of age The peicentage of tubeiculosis found 
in all tonsils and that in the faucial tonsils were very similar, 0 44 and 
0 38 per cent, i espectively, but the incidence of tuberculosis of the 
pharyngeal tonsils was very low, onl)^ 0 18 pei cent 

A definite decrease in tonsillar tuberculosis was noted, the incidence 
foi the years 1933 to 1935 being 0 44 per cent, as compared ^vtlh 2 35 per 
cent for the yeais 1906 to 1919 Since these results were based on the 
compai atively large series of 6,359 and 8,697 cases, i espectively, and 
since the methods of examination were exactly the same in the two 
groups, the lesults aie highly significant The tiend toward a lower 
incidence, which Weller^ noted (3 per cent in 1917 and 2 35 per cent 
in 1920), has continued to the present time The i educed incidence of 
tonsillar tubeiculosis was apparent in all age groups 



CHEST LEADS IN ELECTROCARDIOGRAPHY 


C L C VAN NIEUWENHUIZEN, MD 

AND 

HAP HARTOG, MD 

UTRECHT, NETHERLANDS 

At first sight it seems sui prising that the electrocaidiogram was 
not derived precordially from the beginning, i e , as directly as possible 
However, the fact that it was not is not so strange, for the limb leads 
give almost constant pictures, while chest leads show distinct changes 
when the exploring electrode is shifted Moreover, the standaid leads 
of Emthoven are adequate foi a stud}^ of arihythmia, and the problem 
of irregularity of the pulse has for many years been the leading one in 
cardiology Though chest leads were used occasionally in the early 
days of electrocardiography,^ their value was not geneially appreciated 
until electrocardiographic research was made subseivient to examina- 
tion of the myocardium, at first especially in coronary thrombosis It is 
to the credit of Wood and Wolferth and their co-workers- to have 
shown in a numbei of papers that a fourth lead may sometimes supply 
inf 01 matron of value m the diagnosis of coronary thrombosis when 
the classic leads either are failing or do not give sufficiently obvious 
information 

However, not alone in coronary thrombosis do the three standaid 
leads occasionally show a picture from which it is impossible to drav 
conclusions In other disorders of the myocardium or of the coronaiy 
arteries the clinical picture, the evaluation of which should have the 
preference, can in the same way conflict with the electrocardiogi aphic 
data 

From the Medical Clinic of the State University of Utrecht, Prof A A 
Hijmans van den Bergh, director 

1 Emthoven, W Arch internat de physiol 4 132, 1906 Waller, A D 
J de physiol 8 229, 1887 Lewis, T Heart 7 127 and 293, 1920 , 8 193, 1921 
Ackermann, R Deutsches Arch f klin Med 144 61, 1924 

2 (a) Wolferth, C C, and Wood, F C Am J M Sc 183 30, 1932, 

M Qin North America 16 161, 1932 (b) Wood, F C, and Wolferth, C C 
J Clin Investigation 11 815, 1932, Experimental Coronary Occlusion, Arch Int 
Med 51 771 (May) 1933 (c) Wood, F C , Bellet, S , McMillan, T M , and 

Wolferth, C C Electrocardiographic Stud 3 '’ of Coronary Occlusion, ibid 52 752 
(Nov ) 1933 (d) Wood, F C, and Wolferth, C C Am Heart J 9 706, 1934 

(e) Wolferth, C C , Wood, F C , Bellet, S, and Edeiken, J Tr A Am 
Physicians 49 223, 1934 (/) Wolferth, C C, and Wood, F C Acute Cardiac 

Infarction Involving Anterior and Posterior Surfaces of Left Ventricle, Arcli 
Int Med 56 77 (July) 1935 



VAN NIEUJVENHUIZEN-HARTOG— ELECTROCARDIOGRAPHY 449 


Since November 1933 we ha\e as a rule used a chest lead m addi- 
tion to the three standard leads After having studied about one 
thousand, five hundred electrocardiograms obtained in this way, the 
value of such a “semidirect” lead in solving vaiious electrocardiographic 
and clinical problems became evident Thus the thoracic electrocardio- 
gram, which often indicates damage of the m 3 mcardium by deviation 
of the T wave “ in essential hypertension, chronic nephritis and coronary 
sclerosis, may teach new facts , ^ the question of the evaluation of the T 
waves m strong left or right axis deviation may be partly solved by 
the aid of the chest lead,^ and finally this lead supplies data for a 
study of bundle branch and aiborization block “ 

TECHNIC 

The greater part of our curves were taken in such a way that the right arm 
electrode was applied above the area of absolute dulness of the heart in the fourth 
intercostal space to the left of the sternum, while the left arm electrode was 
applied to the back, mesial to the inferior angle of the scapula This lead corre- 
sponds more or less with lead IV of Wood and Wolferth, except that these 
authors applied the right arm electrode above the cardiac apex Later we 
proceeded to apply the left leg electrode above the dulness of the heart and the 
right arm electrode to the left leg Since the place of the nonexploring electrode 
IS of little influence on the form of the electrocardiogram, ^ the same picture is 
obtained, except that it is a mirror picture with the P and T waves normally posi- 
tive Finally we applied the negative electrode on the left leg and the right arm 
electrode over the area of dulness of the heart, for it appeared to us that in the 
last lead but one several characteristics of deviating curves, especially m coronary 
thrombosis and in chronic nephritis, were less striking than in the inverted lead 
In this last lead the P and T waves are therefore normally negative All curves 
have been checked in such a way that 1 mm equals 1 millivolt Overshooting was 
prevented, while slackening did not exceed one fiftieth of a second 

1 THE NORMAL ELECTROCARDIOGRAM IN THE CHEST 

LEAD (FIG lA) 

As the figures found by us are practically the same as those reported 
by other investigators,^ we shall not publish the tables referring to 
them We believe, as will appear from what follows, that in the chest 
lead a negative or positive monophasic ventricular complex, a ventricular 

3 Wilson, F N , Johnston, F D , Macleod, A G, and Barker, P S Am 
Heart J 9 447, 1934 Footnotes 1 and 2 

4 (a) van Nieuwenhuizen, C L C Wien Arch f inn Med 29 25, 1936 (b) 

Master, A M Am Heart J 9 511 (April) 1934 (c) Katz, L N , and 
Kissin, M ibid 8 595, 1933 (d) Goldbloom, A A Am J M Sc 187 489, 
1934 (c) Bohning, A, and Katz, L N ibid 189 833, 1935 

5 (a) Barnes, A R , and Whitten, M B Am Heart J 5 142, 1929 (b) 

van Nieuwenhuizen, C L C, and Hartog, HAP ibid, to be published 

6 Wilson, F N Heart 16 155, 1933 

7 [Master Katz and Kissin Goldbloom Bohning and Katz 
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-complex which is too broad or the failing of the Q or of the R wa\e 
IS just as pathologic as a difference of level between the ST and the 
PQ segment greater than 2 5 mm or a flat diaphasic or inverted T wa\e, 
except in a long sheep heart or the heait of a child (see section 3) 
Sometimes clinical impoitance must be attached to the oiigin of a 
flat or diphasic P wave 

CHANGES DUE TO CORONARY THROMBOSIS 

Wood and Wolferth divided the tiacings obtained b)'- them in 
this disease into two groups In the first group — tracings divided 
thoracicly m anterior infarctions — ^the electrocardiogiam shows a dif- 
ference of level between the depreciated ST segment and the iso-electric 
line, which is largei and remains longer than in the other leads In the 
course of time a positive T wave arises The Q wave is eithei absent 
or very small Usually it appears that the RS-T segment in lead I 
runs higher than normal , sometimes the RS-T segment in lead III 
lies lower than noimal In the second gioup — tracings in posterior 
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Fig 1 — A, a normal electrocardiogram , B and C, the C 2 type of tracing , 
D and E, the C 1 type of tracing 

infarctions — the electi ocardiogram does not properly show a typical 
deviation in the chest lead Sometimes there is a slight diffeience of level 
between the ST segment and the iso-electnc line, and sometimes there is 
a flat or positive T wave The deviations should be searched for rather 
in lead II, wheie the ST segment is nearly always elevated and a 
negative T wave aiises in the long run, m lead III a deep Q wave 
usually IS seen which satisfies the cnteiia fixed by Pardee 

How^ever, in oui opinion a depression in the course of the RS-T 
interval m the chest lead cannot be considered a characteiistic of 
coronary thrombosis, as the same deviation may be seen in coionaiy 
sclerosis, essential hypertension and chronic nephritis Neither is a 
positive T wave a typical feature, as it is seen m many deviations of 
the myocardium Wood and Wolferth have described the occuirence of 
very high T w’^aves m the thoracic electrocardiogram, which, remarkably, 
w'ere found especiall)'^ in cases of mild involvement We too saw’’ tins 
peculiarity several times (see the case report<5 wdiich follow), though 
it IS an open question wdiether such high T wa^es would not be found 
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more often m the course of coronary thrombosis if the suiface of the 
chest weie accurately explored with the electrode 

Finally, Wood and Wolferth and their colleagues pointed to 
the importance in the diagnosis of coronaiy thrombosis of a small 
deflection directed upward at the beginning of the ventiiculai complex 
However, we saw this “initial upward deflection” also in cases in 
which coronary thrombosis could be luled out 

Referring to our owm material, the thoracic electiocaidiogiams 
obtained in cases of coronaiy thrombosis ma} be dnided into the t\vo 
following types, which we call the C 1 and C 2 types ® 

1 The C2 type (fig IB and C) This t}pe, which to a ceitam 
extent resembles that of the first t3fpe described by Wood and Wolferth 
has for its particularity aflat oi slightly concave descending ST segment, 
t)i acceding at a pi ononnced angle (usually 125 oi 130 degiees) into an 
ascending line, which continues into a positive T -wave oi m the iso- 
electric line The ST line may lun fai undei the iso-electnc level but 
also may rise fiom it The positue T -wave may be lacking, though it 
usually appears m the couise of the disease The Q summit may be 
missing, but sometimes it is oIdmous The P summit is sometimes nega- 
tive before thrombosis occuis and diphasic afterward A notch m the 
ventricular complex is sometimes missing m the lead used by us, but 
if the cardiac legion is explored wnth the anterioi electrode, it is 
usually found In the course of coronaiy thrombosis a high T wave in 
the chest lead and also in leads II and III may appeal m connection 
with this type of thrombosis Usually an acute stage of pain, anxiety 
or dyspnea was noted in the histor}'^ of a patient with this type of elec- 
ti ocardiogi am, and often theie was a long history of angina pectoiis 
Once this type of tracing was found in a case of diabetes melhtus and 
syphilis (case 4, table 1) 

It is impoitant to letiace changes m the standard leads that aie 
typical of coionary thiombosis and to obsene what localization they 
admit Thiee times a W-shaped ventriculai complex occuiied m lead 
I, twnce a Paidee Q w'ave occuned in lead III The W-shaped ven- 
tiiculai complex acquiied a shaip negative T wav'-e aftei some time 
and the Paidee Q wa-\e lemained In the foui othei cases no chaiactei- 
istic alterations w^eie seen, thus the thoiacic lead offeied heie the only 
seem e elect) ocai diogi aphic diagnostic evidence 

According to Baines and Whitten® the shaip negative T wav'-e in 
lead I which follows the stage of the W-shaped complex must be 

8 The types are described for the right arm electrode (heart dulness) and 
the left leg electrode 

8a Since the preparation of this article this Mew has been confirmed Espe- 
cially m cases of mild coronar\ thrombosis, lead IV' often offers the onl\ 
deviations 
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ascribed to anterior infaiction, which coiiesponds with our view that 
the C 2 type is characteristic of infarction in the anterior wall On the 
other hand, according to Wilson® the occurrence of a Pardee Q wave 
in lead III (Q III type) is characteiistic of infarction of the posterior 
wall, which IS in contradiction with our experiences with curves of this 
form Neveitheless, one must be very careful when judging a Pardee 
Q wave When this picture is seen to arise (e g , together with violent 
substeinal pain), this is of far greater value than a deep Q wave 
in lead III that is already present, which may occui also in coronary 
sclerosis without myocardial infaiction (Willius® and Pardee ’^®) 

2 The C 1 type of tracing (fig 1 D and E ) This type, which 
up to now has not been described in the literature on chest leads, exists 
in Its most perfect form (fig ID) m the ventricular complex in which 
are notable an ”imUal upward deflection'^ a deep Q wave, a notch in 
the Q wave and especially an ST line with a high take-off that goes 
on conve-xly and into which cieeps the T wave Unlike the C 2 type, 
this type as a rule shows a pronounced Q wave The small notch 
directed upward may be missing, but it may occur in the C 2 type and 
may therefore be valued only in connection with the other deflections 
The most characteristic point is the high and convex course of the 
RS-T segment as it is seen in anterior infarction in lead I, but usually 
It is less definite In othei cases the ST segment becomes flat but keeps 
on rising too high and runs above the iso-electnc level (fig IE) Asa 
rule the following more or less typical alteiations are found in the othei 
leads 

Lead I An absolutely oi relatively too deep S wave and a low 
T wave 

Lead II A too broad ventricular complex, notches in R, S or RS 
and a too deep S wave , the PQ distance is always too long 

Lead III A too deep S wave, notches after the S wave, a flat 
diphasic or negative T wave and sometimes a Pardee Q wave, a high 
take-off of the convex ST segment (Pardee RS-T wave) or a W-shaped 
or M-shaped ventricular complex 

It IS notable that in the histoiy of patients who show electrocardio- 
grams of this type an acute moment is usually missed and that some- 
times (case 5, section 1) the alterations are seen to arise gradually 
in the course of time It is our opinion that these electrocardiographic 

8b Afterward in three other cases the postmortem examination proved the 
diagnosis to be correct 

9 Willius, F A Deutsches Arch f khn Med 172 113, 1931 

10 Pardee, H E B An Electrocardiographic Sign of Coronary Artery 
Obstruction A^rch Int Med 26 244 (Aug ) 1920 
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alterations aie piobabl}'^ due to posteiioi infaiction In favoi of that 
theoiy the following leasons may be cited 

1 Alteiations typical of coronal y thrombosis aie seen in the other 
leads, especially in lead III, which indicates posterioi mfaiction, accord- 
ing to Baines and Whitten and to Wilson 

2 The bioad ventiiculai complexes, which have appi oximately the 
shape of an aiboiization block, and the lengthened oi maximal atrio- 
ventiiculai conduction time, which aie ahvays found m this form, must 
be ascribed, as fai as oui knowledge goes, to alterations m the circula- 
tion of the posteiioi coronaiy aiteiy^^ 

3 A negative leason is the absence of deviations chaiacteiistic of 
coronar} thiombosis m lead I 

4 About the same foini is sometimes seen in ventiiculai extra- 
S 3 'stoles m the chest lead, when ventiiculai systoles of the left type 
exist 111 leads I and III (fig AE) 

It IS possible that in some such mannei as is heiewith suggested 
the problem of anterioi mfaiction, which usuall} occiiis suddenly, and 
posterior mfaiction, which usually appears giadually as the result of 
increasing coionar}*’ scleiosis, concerning which theie is consideiable coii- 
tioversy, may be settled Clinicians have ah\ays had the impiession 
that anterior infarction occurs much oftener than posterioi mfaiction, 
whereas many workeis in pathologic anatomy have found an equal divi- 
sion of thrombosis of the left and of the right coionary aiteiy Pei haps 
posterior infarctions escape clinical obseivation, an attack of dyspnea 
or a model ate attack of angina pectoiis may be caused by coionaiy 
thrombosis Theie is no certainty about it, howevei, as none of the 
patients have died and postmortem inspection has not been possible 
According to other wiiteis (Wood and Wolfcrth and Jervell) posteiior 
infarction does not supply typical data According to them it is only 
by means of the chest lead, which is indeed “semidirect,” that altera- 
tions of the anterioi parts of the heait and especially of the cardiac 
apex (which is situated neaiest to the electiode) become electiocar- 
diographically visible On the othei hand oui patients, though not 
showing the extensive typical pictuie of coionary thiombosis, vere 
suspected of having it , and m connection with the C 1 type we found 
typical pictures only m the third standard lead Finally, it is possible 
that the C 1 type is caused by septal infarction, due to insufficiency 
of either the left oi the light coionaiy aiteiy In the fiist case anteiioi 

11 Spalteholz, W Vcrliandl d anat Gesellsch 21 141, 1907 Jamin and 
Merkel Die koronar Arterien des nienschhchen Herzens, Jena, Gustav Fischer, 
1907 Hans Anat Hefte 43 627, 1911 Taterka, H Klin Wchnschr 5 1833, 
1926 Frank Ztschr f Kreislaufforsch 21 664, 1929 

11a Lately in a case of acute posterior infarction (confirmed) a similar curve 
was found (Q wave of 20 mm , a very high take-off of the convex ST segment! 
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infarction of the septum should arise, with possible infarction of parts 
of the left ventricle and of the apex, in the second case posterior 
infarction of the septum should arise, with or without infarction of the 
right ventricle Considering the deviations in the other leads, we believe 



Fig 2 — Examples of the C 2 type of tracing in case 1, section 1 (table 1, 
case 1) A was taken on Jan 30, 1934, B on February 2, C on February 3, D on 
February 12, E on May 1 and F on April 7, 1935 
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that the C 1 type is the expression of iiifaictioii of the posterior wall 
of the heart oi peihaps in the posterior part of the ventricular septum 

On one occasion we saw a C 1 type, though a less obvious one, 
in a case of iheumatic myocarditis (case 7, table 2, fig 6D) 

In summaiy, two deviations of the thoiacic electi ocardiogram aie 
described which are typical of anterioi infarction (the C2 type), on 
the one hand, and most probably of posterioi infarction (the C 1 type), 
on the othei If the W-shaped ventriculai complex m lead I is consid- 
eied to be typical electrocardiographic evidence of anteiior infarction 
and if the occuirence of it m lead III is considered to be character- 
istic of posteiioi infarction, then in eight of fouiteen cases the diagnosis 
was established with the standard leads In six cases the chest lead 
oftered the only pathognomonic evidence, and in several cases the 
thoracic electrocardiogram was typical when in the course of the disease 
the standard leads became more and moie normal The following cases 
are illustratne 

Case 1 (table 1, case 1 , fig 2AtoF) — A bookkeeper aged 52, who had never 
been senouslj ill before, suddenly had an attack of violent pain m the cardiac 
region At his own request he was taken immediatelv to the hospital, where a 
diagnosis of coronary thrombosis was made During his stay he recovered entirely 
An electrocardiogram made half an hour after the beginning of the initial attack 
(fig 2 A) showed some deviations in the course of the KS-T interval m the 
three standard leads, these, howe\er, were not typical In the chest lead 
the C 2 type nas seen After forty-eight hours a W-sliaped ventricular complex 
was noted in lead I, with an arcuate ST segment (fig 2 B) Later a negative 
T va\e arose, which in the course of sixteen months returned to a flat T wa\e 
(fig 2 C to T) In leads II and III the T vaA’cs became \ery high after fourteen 
months (fig 2 E) Finally the ST segment took off iso-electrically in lead IV, 
but its course remained typical of the C2 type, m the meantime typical changes 
were no longer seen in the other leads This case proves that in verj^ early stages- 
the chest lead may be the only electrocardiographic sign of coronar}'^ thrombosis 
It proves also that the unchangeable characteristic lies in the course of ST and 
not alone in the take-off of ST or in a positive T wave 

Case 2 (table 1, case 5, fig 3 D to E) — Two days prior to his admission to 
our clinic a mason aged 43 had a sudden pain in the chest When he W'as admitted 
to the clinic the pulse rate was 88 and the temperature 38 C (1004 F ) , but most 
striking W'as the violent dyspnea On percussion the heart appeared to be dilated 
somew'hat to the left For se\eral hours slight pericardial friction was heard 
Sw allowing was painful The differential diagnosis lay betw'cen coronary throm- 
bosis and diaphragmatic pleuritis The roentgenogram did not indicate an existing 
pleuritis, but there w'ere deviations in the electrocardiogram A Paidee Q wave 
warned us to Ije careful and in lead IV a C 2 type appeared to be present, w'lth a 
deep Q w'ave (fig 3D) The man soon reco\ered and was discharged at his own 
request Probably pcricardio-pleuntis w'as the correct diagnosis, with pleuritis the 
cause of the most serious complaints This case teaches the value of the chest 
lead in making a difficult differential diagnosis in a case of acute intrathoiacic- 
disease Thus there w'as found, besides the electrocardiographic characteristics of 
anterior infarction, a very deep Q wave in lead IV Theoreticallv it is possible 
that this last-mentioned deviation existed as the remainder of posterior infarction ; 
absolute certainty could of course not be obtained 
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C\SE 3 (table I case 6) — A man aged 42 had been complaining for six weeks 
of pain m the right arm and palpitation on exertion Ten da\s prior to his 
admission to the clinic he suddenh had a \iolcnt pain m the abdomen, the tempera- 
ture rose and he sweated profuseh Three a ears before he had been in a hospital, 
and a diagnosis of s^phIhtIC aortic msu^h<.lcnc^ had been made (the Wassermann 
reaction of the blood was -i- 4 and the Sachs-Gcorgi test was positne) On 
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Iig 3— -Examples of the C 2 t\pc of tracing Eor data on i sec table 1, case 
2, for B see table 1, case 3, for C see ease 5 (section 1) and table 1, case 4, for 
D and E see ease 2 (section 1) and table 1, case 5 


e'amination the following eonditions were diagnosed aortic msunicicnc} and cere- 
brospinal sjphihs (the \Vassermann and Sachs-Georgi reactions being negative) 
The pulse rate was 84, the temperature 37 7 C (100 E) and the respir.itorv rate 
normal The sedimentation rate of the ervthrocvtes was norm.il 'Ihcre Were 
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that it arose at tne time of the first attack of oppression through coronare 
thrcmbosis or v hich seems more probable to us gradually as a result oi coronaiy 
sclerosis 

C-iSE 7 ("table 2 case 2 fig 5 5) —This man aged 65 had an interesting his- 
toiy On Jan 7 1932 he suadenly had a iiolent pa»n m the leit siae v hich raaiated 
to the upper portion of the abdomen this cam lasted fo- a aaj and a naif. He 
was short of breath, and deen breathing was pamfu' H.s phjsician considerec 



Fig 5— Examples of the C 1 tvpe of tracing For data on A see case 6 
f section I) and tabic 2 case 1 for B see case 7 (section 1) and table 2, case 2, 
tor C see case 8 (section 1) and table 2 case 3 and for D and E see case 9 
(section 1 ) and table 2, case - 

tnat he had heart disease .-^fter some time pleuritic fr’ct.on became audible, ana 
he was sent to our clinic the diagnosis being pleur.tis At the time of admission 
to the clinic he had a sbght fc\er (temperature oi 38 2 C, 101 F ) the respiratorv 
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rate was 26 per minute and the pulse was shghth unequal and irregular, with a 
rate of 108 The blood pressure was 140 systolic and 90 diastolic At the base of 
the left lung there was slight pleuritic friction, with pericardial friction of the 
heart, which was somewhat dilated to the left An electrocardiogram w'as not 
made at the time The sedimentation rate was strongly increased after one hour 
72 mm and after two hours 92 mm There w'as slight leukocytosis (9,800 leiiko- 
c\tes) On the roentgenogram rests of old specific deMations w'ere seen The 
temperature soon became normal and the pain disappeared Tubercle bacilli were 
nc\er found m the sputum, but a diagnosis of pleuritis sicca and pulmonary tuDcr- 
cuiosis was made The patient W'as discharged m fairly good condition, but after 
fi\e weeks he was readmitted to the clinic He no longer coughed, but the short- 
ness of breath had become more pronounced A few" dajs prior to his readmission 
to the clinic he had had another attack of pain, in the right side this time, and he 
had coughed up some bloods sputum Examination showed that dyspnea was 
marked and that both legs were edematous The respiratory rate w"as 40 per 
minute, the pulse rate 120 and the temperature 38 6 C (101 F) The percussion 
sound was dull at the base of the right lung, and on auscultation crepitant lalcs 
were heard Again a diagnosis of pulmonarj tuberculosis was made, and the 
patient s\as discharged On Dec 7, 1933, he w'as readmitted to the clinic because 
ot general cardiac failure At that time an electrocardiogram show'ed a C 1 t\pe 
of tracing m lead lY and the preyiously mentioned characteristic changes in the 
standard leads In our opinion the history of the case should be interpreted as 
follows On his first admission to the clinic the patient had coronary thrombosis 
(.with pleuropcricarditis), on his second admission infarction of the lungs and on 
the third admission cardiac failure caused by myodegeneration This case clearh 
shows the ^alue of the chest lead in studying acute intrathoracic processes 

Case 8 (table 2 case 3 , fig 5 C) — A patient w'lth an aortic aneurysm and 
s^phlhtlc aortic regurgitation had had attacks of oppression for six years There 
was progressiye failure of the heart An electrocardiogram show'ed changes of the 
C 1 t>pe of tracing, probabl} caused by coronary stenosis due to syphilis of the 
aorta '\s there w’as no acute moment recorded m the anamnesis, acute coronarj 
obstruction probabh had not occurred 

C ^SE 9 (table 2, case 4 fig 5 79 and E} — This man aged 69 had a sudden 
Molcnt sense of oppression m the cardiac region but no pain After that he grew’ 
short of breath, and cardiac failure arose On examination the heart appeared to 
be dilated to the left and to the right There W’as a sjstolic murmur at the apex 
The puke rate was 70, the respiratory rate 26 and the temperature normal The 
hloid pressure was 120 ssstohe and 85 diastolic The liyer w’as palpable There 
was slight jaundice An electrocardiogram shcw'ed the typical changes of the 
C 1 t\pe of tracing in all leads In lead III no Pardee Q waye W'as visible, but 
there w’as a small \V-shaped yentncular complex, similar to that seen m anterior 
imarction in lead I The anamnesis and the electrocardiogram established the 
probable diagnosis of coronarj thrombosis 

Case 10 (table 2, case 5 , fig 6 A to C) — Since Noyember 1933 a woman aged 
70 had repeatedh been admitted to the hospital The diagnosis was arteriosclerotic 
me odegeneration with se\ere cardiac failure Angina pectoris occurred at the 
least exertion The heart w'as enormously dilated to the left and to the right, and 
there was congestion of the lungs The blood pressure was 210 sjstohc and 105 
diastolic During the obser\ation the electrocardiogram show’cd a picture w’hich 
became graduall\ clearer and which show’ed in the standard leads more and more 
definiteh the dcMations of posterior infarction Also there were changes in tlie 
chest lead, in which a C 1 tspe of tracing was obtained show'ing a small ^entrlcular 
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complex In our opinion the mj'ocardial nifarction arose, without any acute stage, 
from the gradually increasing coronary sclerosis, in which the posterior branch 
of the coronarj arterj was chieflj’' involved (lead IV was taken with the electrodes 
changed) 

Case 11 (table 2, case 7, fig 6D) — A girl aged 19 years was admitted to the 
hospital because of djspnea A few 3 ears before she had suffered from a second 



Fig 6 — Examples of the C 1 type of tracing For data on A to C sec case 10 
(section 1) and table 2, case 5 A was taken on Nov 17, 1933, B on Oct 3, 1934, 
and C on Sept 3, 1935 (the electrodes were in the precordium and on the left leg) 
For data on D see case 11 (section 1) and table 2, case 7, and for E sec table 2, 
case 6 

attack of acute articular rheumatism (the first attack had occurred five years pre- 
viously) Examination revealed enlargement of the heart, with dilatation to the 
left and to the right, of the mitral type The liver was enlarged and had a blunt 
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margin Slight edema was present The patient’s condition rapidlj became worse 
(lor a few dajs before her admission to the clinic pericardial friction had been 
audible), and about two months later she died At autopSA 200 cc of fluid was 
present in the pericardium There was fresh endocarditis of the mitral \al\e, and 
manj rheumatic nodes were spread o\er the msocardium It is w'ell known that 
in rheumatic myocarditis the electrocardiographic picture in the standard leads 
ma\ be reminiscent of coronary thrombosis, as demonstrated in this case bj the 
chest lead 

2 \B\ORMU.LY DEEP T W AA ES 

AVhile taking thoiacic electrocardiograms with the anteropostenoi 
or anterioi-left leg lead (in which normally the T wave is negative) we 
sometimes saw' lemarkably deep T weaves, and it seemed important to 
asceitain the clinical significance of this deviation Master reported 
the following a allies for the T wave in noimal subjects average, — 3 3 
mm , minimum, — 1 5 mm , and maximum, — 7 5 mm Bohning and 
Katz found — 5 7, — 2 and — 10 mm , i espectively , and Goldbloom 
found — 4 9, — 2 and — 8 mm , respectively The maximum values 
repoited b} Bohning and Katz ( — 10 mm m twenty-five cases) ivere 
highest, and those reported by Mastei ( — 7 5 mm in one hundred and 
four graphs) w'ere low'est We too found m some cases — 10 mm as 
a maximum depth for the T wave in a normal subject, nevertheless, 
such a value is exceptional In the next paragraphs T weaves deeper 
than 10 mm in the chest lead wull be discussed 

Bohning and Katz found m 12 pei cent of then curves for patients 
w ith a suspected or distinctly insufficient coi onary circulation a T w'ai'e 
of from — 8 to — 11 mm Wolferth and Wood,-^ who sometimes found 
a high T w'ave in the chest lead in cases of anterioi mfaiction, expected 
to find a very deep T wave m cases of posterior infarction However, 
they have not described such a case as 3'et and their supposition does 
not seem probable to us (see section 1) As far as we have been able 
to see, no attention has been paid to an abnormally deep T w'ave in 
association wuth other conditions It has been pointed out by some 
imestigatois that the position of the anterior electrode influences the 
size of the T wmie (Hofifman and Delong^- and Roth^®) For patients 
suffeiing fiom caidiac disease a deep T iiaie should be of significance 
only when the anterioi electrode is in a certain position According to 
these m\ estigators the T waie increases in depth as the anterior 
electrode is applied nearei to the sternum, and accoiding to Katz and 
others this happens when the exploring electrode is applied nearer to 
the cardiac apex We also obseried this m a series of electrocardio- 
grams of noimal subjects (generally the T wai'e increases in depth 

12 Hoffman, A kl , and Delong, E Standardization of Chest Leads and 
Their Value m Coronarj Thrombosis and kivocardial Damage, Arch Int Ved 
51 947 (June) 1933 

13 Roth I R Am Heart J 10 798, 1935 
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fiom the first intercostal space, wheie it is still positive, as a lule, to 
lower down, and the same occins when the exploimg electiode is moved 
fiom left to light m one inteicostal space) Neveitheless, we found that 
those vaiiations nevei leach a allies exceeding 10 mm, so that gieat 
importance may be attached to a T wave deeper than 10 mm 

Anothei question is how fai changes of the anatomic axis of the 
heart influence the thoiacic electiocaidiogiam Einthoven and his 
co-workeis and latei Cohn and Raisbeck demonstiated that niveision 
of the T waie ma}'’ be hi ought about by changing the angle between the 
hoiizontal and the anatomic axis One can imagine that such a mecha- 
nism played a pait m oui cases m which theie weie abnormally deep 
T weaves But on measuiing the pieviously mentioned angle (on the 
roentgenogiams of iieaily all patients) we could not find any confonnity'’ 
betw^een the anatomic axis and the changes m the T waie Then theie 
lemams the possibility that a deep T waie may be caused b} a revolv- 
ing of the heait on its anatomic oi hoiizontal axis In opposition to this 
theor} ma} be stiessed that fact that z^anoiis vahulai defects (stenosis 
or msufficienc} of the aoita oi of the initial \ahes) aie attended with 
such a deep T w ai e 

Howeier that ma} be it is of greatei impoitance that we found 
01 game caidiac oi cai diovasculai disease in foity of oui foity-seven 
patients (85 pei cent) with T wa\es deepei than 10 mm This immedi- 
ately diaws attention to the clinical impoitance of an abnoimall} deep 
T w^ave m the chest lead In thiee othei patients the piesence of 
disease w^as dubious (cases 3 to 5), and m foui otheis no cleai 
deviation of the heait could be coiioboiated It is sti iking that the 
abnormally deep T w^aie occuiied in foit} -thiee males, wdieieas oiu 
electrocardiographic material lepiesented a few moie females than 
males About 70 per cent of these patients w^eie o\ei 40 yeais old 
Bohning and Katz attributed the deep T wave to the symptoms of 
coronary sclerosis As this deviation of the coionaiy vessels occuis 
frequently, it is difficult to say wdiether electi ocai diographic deviations 
like these must be ascribed to coronaiy scleiosis oi to othei additional 
causes Moreover, the standard leads m oui cases did not show^ the 
characteristics of coionaiy scleiosis Over and above that, in many 
cases of electi ocardiogiaphically typical coionaiy scleiosis w^e saw no 
deep T waves in the chest leads’''’" Neveitheless. w'e cannot deny the 
possibility that coronai} deviations play a pait in the causation of deep 

14 Einthoven Arch internat de physiol 4 132, 1906, Arch f d ges 
Physiol 122 517, 1908 

15 Cohn, A E, and Raisbeck, M J Heart 9 311 and 331, 1922 

15a An article about changes due to coronary scleiosis will be published by 
us later 
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T waACS, one can piesnme that in cases of hypertension chronic 
nephritis, defects of the aortic valves and arteiioscleiotic myodegenera- 
tion tlie coronary Aessels are not ^\lthout defects On the other hand 
this explanation is less piobable in cases of mitral stenosis (with usually 
? loi\ tension), mitral insufficiency and exophthalmic goiter 

T\ble 3 — Data on the T JVava in Leads I to IV 


S(.\ 

3kc 

Dinenosis 

Blood Pressure, 1 1 , 
3Im of Xlercurj Mm 

Ts, 

Mm 

Ta, 

Mm 

a*, 

Mm 

M 

47 

Essential lijpertcnsion 

260/180 

—3 

2 

1 

—11 


49 

Essential hjpertension 

165/100 

3 

3 

—1 

—16 

W 

C3 

Essential hipertension 

195/100 

diph 1 

o 

—1 

— 9 

V, 

G7 

Essential hypertension 

220/110 

0 

0 

0 

—16 

1 

Cl 

Hjpertension 

175/100 

—1 

diph 2 

3 

—13 

r 

57 

Hypertension 

200/100 

0 

1 

2 

—13 

M 

5S 

Hypertension (case 2, section 2) 

250/130 

2 

2 

2 

—28 

M 

72 

Hypertension 

210/110 

i 

1 

0 

—18 

AI 

65 

Hypertension 

235/110 

1 

1 

0 

—10 

W 

C2 

Hypertension 

275/140 

2 

2 

1 

—13 

M 

54 

Hjpertension, Bright’s disease 

200/120 

diph 2 

diph 1 

3 

—16 

31 

54 

Aortic stenosis 

150/ 90 

— 5 

—3 

2 

-22 

M 

15 

Aortic and mitral regurgitation 

155/ 0 

— 5 

diph 2 

5 

—12 

3» 

47 

Aortic regurgitation 

170/ 0 

0 

—3 

2 

—15 

31 

40 

Aortic 

134/ 58 

diph 1 

diph 1 

0 

— 15 

31 

65 

Aortic 

235/110 

1 

1 

0 

—10 

M 

51 

Aortic 

180/ 70 

2 

3 

1 

—11 

31 

41 

3Iitrnl insufficiency 

175/110 

2 

diph 1 

2 

-15 

3t 

5S 

Mitrai insufficiency 

135/ 90 

5 

5 

—1 

—20 

31 

64 

3Iitral insufficiency 

145/ 90 

2 

3 

7 

—13 

31 

34 

3Iitral insufficiency 

125/ 80 

4 

9 

5 

—18 

31 

S3 

3litral stenosis 

110/ 60 

6 

7 

4 

—18 

31 

55 

3IitraI stenosis 

130/ 70 

3 

5 

2 

-12 

31 

33 

3Iitral stenosis 

125/ 70 

4 

5 

3 

—15 

31 

37 

Mitral stenosis 

110/ 85 

4 

5 

1 

—10 

31 

21 

3Iitral insufficiency (case 1, section 2) 

120/ 45 

0 

9 

10 

—30 

31 

■>o 

Mitral insufficiency 

115/ 70 

1 

0 

0 

—12 

31 

61 

Complete heart blodc 

195/ 70 
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64 

Bundle branch block 

175/100 

—7 

2 
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—16 

31 

54 

Bundle branch block 

150/ 90 

— 5 

—3 

2 

22 

31 

57 

irborization block 

155/100 

0 

0 

2 

—13 

F 

CO 

3Ij odcgeneration 

120/ 55 

2 

—2 

0 

—IS 

31 

52 

31yodegeneration 

110/ 65 

4 

3 

—1 

—12 

31 

60 

3Ivodegoneration 

135/ 75 

2 

3 

3 

—12 

31 

5S 

3Iyoearditis 

135/ 75 

diph 2 

4 

5 

—10 

31 

05 

Coronary sclerosis 

140/100 

—3 

0 

3 

—13 

31 

56 

Angina pectoris 

135/ 90 

4 

4 

1 

— 14 

31 

52 

Auricular fibrillation 

140/ 85 

4 

0 

1 

—11 

31 

72 

Auricular fibrillation 

130/ 75 

1 

1 

0 

—12 

31 

27 

Rheumatic polyarthritis 

130/ 85 

7 

5 

diph 1 

— 15 

r 

2S 

Exophthalmic goiter 

150/ 0 

4 

4 

2 

—13 

31 

43 

Xo deviations 

130/ 65 

4 

7 

5 

—13 

F 

10 

Case 4 

125/ 75 

2 

5 

2 

— 14 

31 

33 

Case 3 

120/ 75 

6 

7 

2 

—14 

31 

26 

Case 5 

135/ 85 

4 

6 

4 

—13 

31 

31 

Xo dcj lations 

130/ SO 

1 

4 

3 

—13 

31 

"O 

Xo dea lations 

130/ 70 

3 

5 

3 

— ^15 


As a working hypothesis ^\e may assume that m cases of mitial 
defects iCAohing of the heait and in some other cases coronary changes 
play a part The deep T ^^a^es Mere partly found in bundle branch 
or aibori7ation block, m analogy to the diphasic ventricular complexes 
in the othei leads (fig 7 Z?) As foi the T Maves in the other leads 
(table 3) m t^\enty-se^en cases the T M'a\es in leads I and II 
positive (though Iom' in seven), and in the othei tM^enty cases in both 
lead I and II the T vaAe was either negative or flat Positive T weaves 
in the thiee standard leads were found seventeen times in forty-seven 
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cases, so in moie than one third of all cases lead IV otfeied the only 
deviation I This demonstiates the importance of the chest lead for this 
group as well as for the otheis It impressed us that m the foui cases 
of mitral stenosis in which theie were deep T waves the T waves in 
the limb leads weie alwa3’'s positive Now the question arises as to 
how fai this T wa^e indicates insufficiency of the myocardium In 
about one third of the cases there were clinical indications of decom- 
pensation (dyspnea, C3^anosis, a distmctl3^ more rapid pulse rate, edema 
and congestion of the lungs) , m the othei cases these symptoms were 
absent 

In summarizing oui data we ma3'^ sa3'^ that the gi eater part of our 
patients (85 per cent) who showed a deep T ^^ave in the thoracic 
electrocardiogram clearl3^ showed signs of organic disease of the lieait 
or of the cardiovasculai S3'stem, m some cases such diagnoses weie 
plausible, though the3’' could not be proved (5 pei cent), and in the 
othei cases (10 per cent) the3’’ could not be demonstiated The deep 
T wave did not prove to be a sure sign of m3mcaidial msufficienc3'^ The 
following case reports illustrate these features 

Case 1 (fig 7 A ) — A man aged 21 was suffering from a combined mitral 
defect He complained of palpitations, shortness of breath and a heavy feeling m 
the cardiac region on exertion These symptoms began six years before his admis- 
sion to the clinic, after an attack of acute poh articular rheumatism On examina- 
tion a raising impulse was found which extended outside the medioclavicular line, 
on percussion the heart appeared to be enlarged to the left and to the right, and 
on auscultation a loud first sound and a soft presjstolic and a rough systolic 
murmur were heard An electrocardiogram ° show'ed a large ventricular complex 
in the first lead, right axis deviation and high T w'a\es in leads II and III In 
lead IV the T w'ave was 30 mm deep 

Case 2 (fig 7 B) — A man aged 58 had a blood pressure of 250 systolic and 
130 diastolic The heart was slightly enlarged to the left, wnth a somewhat 
widened aorta For the rest there w'ere no clear deviations Tlie diagnosis w'as 
arteriosclerotic hypertension and arteriosclerosis of the aorta An electrocardio- 
gram showed strong left axis deviation In leads I to III the T wave was low, 
but m lead IV it was 28 mm deep 

Case 3 (fig 7 C) — A man aged 33 complained of slight oppression and palpita- 
tions on exertion On physical examination no important deviations from normal 
were found The blood pressure w'as 120 sj’-stolic and 75 diastolic Tests for 
syphilis w'ere negative Percussion and auscultation of the heart revealed no 
abnormality However, roentgen examination show'ed that the aorta was w'ide 
and that the heart was dilated to the left We therefore could not consider the 
heart of this patient to be entirely normal The only peculiarity shown by the 
electrocardiogram w^as that the T wave in lead IV was 14 mm deep 

Case 4 — A woman aged 49 had for some time complained of attacks of palpita- 
tion, which occurred about once a fortnight After such an attack the patient 
vomited and urinated several times She was greatly fatigued On physical 
examination no deviations were found, except that once there was total irregular 
tachycardia Such an attack was not recorded electrocardiographically The only 
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peculiant} the electrocardiogram showed was a T ^\a^e of — 14 mm m lead I\ 
It IS not improbable that this woman suffered from paroxysmal auricular fibrilla- 
tion Therefore, it is possible, though ’t cannot be proved, that the depth of Tj here 
implied a pathologic condition 

Case 5 — A man aged 26 complained of having sometimes a gripping feeling in 
the chest, together wnth vomiting This had nothing to do with exertion, eating or 
emotion Otherwise the patient was in good health The blood pressure was 
normal The heart showed no peculiarities either on the roentgenogram or on 



Fig 7 — Examples of deep T weaves A (case 1, section 2) shows a deep T 
waie m mitral stenosis B (case 2, section 2) show^s a deep T w'ave in arterio- 
sclerotic hvpertension For data on C see case 3, section 2 D show's a deep, 
broad T waie in bundle branch block 

ph} sical examination The urine contained some albumin, eridhrocides and 
granular casts The onh peculiarit}' the electrocardiogram showed w'as a T wa»e 
of 13 mm in lead IV Does such an electrocardiographic picture offer the 
starting point for making a diagnosis of disease of the heart ^ For the present 
we do not beheie that it does 
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3 THE ELAT AMD INVERTED T WAVE 

Not only m cases of myocaidial infaiction due to coronal y thiombosis 
but also in cases of damage to the myocaidium due to other causes 
the chest lead may be of diagnostic value Wood and Wolferth and 
then co-workei s hat e ah eady pointed this out Hoffman and Delong 
weie the hist to study the deviations of the T wave in lead IV in 
some cases of myodegeneiation and other diseases of the myocardium 
Hovevei. they came to the conclusion that the standaid leads as a 


TtBLE 4 — Data on the T JJ'az’cs in Leads III and IF 



Age 

Diagnosis 

Ts 

Ti 

i 

52 

Hipcrtonsion, diabetes 

— 

+ 

M 

CO 

Hypertension, diabetes 

— 

+ 

F 

52 

Hjpcrtcnsion, angina pectoris 

— 

Trace 

F 

JO 

Hj pertension 

— 

+ 

F 

so 

Hi pertension 

— 

Shallojv 

F 

Cl 

Hi pertension, nugin i pectoris 

— 

4“ 

F 

Cl 

Hj pertension 

— 

Shallojj 

F 

41 

Hj pertension 

Trace 

Shalloiv 

F 

40 

Hj pertension (,lij ptniepbroin i ') 

— 

Shallow 

F 

44 

Hj pertension 

Trace 

Trace 

F 

50 

Hjpcrtcnsion 

— 

4" 

F 

44 

Hj pertension 

— 

Diphasic 

F 

40 

Hj pertension 

Ihit 

Jlat 

F 

0 

Hj pertension 

— 

Flat 

r 

47 

Angina pectoris 

-1- 

4* 

F 

30 

Angina pectoris 

— 

4* 

P 

44 

Angina pectoris 

— 

Diphasic 

F 

40 

Angina pectoris 

— 

4- 

F 

35 

Anginous sj'ndrome 

Diphasic 

Dipliasic 

F 

45 

Coronarj sclerosis 

— 



F 

45 

Coronarj sclerosis, diabetes 



Flat 

F 

50 

Myodegeneration 

Flat 

4- 

F 

^0 

Heart failure 

— 

Sliallojj 

F 

30 

Aortic regurgitation 

— 

Diphasic 

F 

53 

Syphilitic aortitis 

Flat 

Shallow 

F 

41 

Mitral stenosis 

Diphasic 

Diphasic 

F 

22 

Auricular c\trnsj stoles 

Flat ' 


F 

la 

Extrasystolcs, heart failure 

1 Jat 

Shallow' 

31 

7 

Ventricular e\trasj stoles 

Diphasic 

ShalloJv 

F 

20 

Ventncular extrasj stoles 



Shnllojv 

F 

14 

Ventricular extrasj stoles 



Diphasic 

r 

0 

Ventricular extrasj stoles 

Dipliaslc 

+ 

F 

41 

Exophthalmic goiter 




F 

39 

Exophthalmic goiter 


Shallojv 

F 

35 

Simple goiter 


Shallow 

F 

10 

Simple goiter, taclijcardia 

Diphasic 

Shallow 


5 

Diphtheria, nephrosis 

Diphasic 


F 

7 

Diphtheria 

— 

Diphasic 


rule offer sufficient data about the condition of the myocardium Bohning 
and Katz favored the same opinion, and of late Scherf has once 
more defended this view Korth and Hecht,^® on the other hand, 
published examples which illustrated the importance of the chest lead 
in diffuse myocardial lesions, when the limb leads answer this question 
either insufficiently or not at all One of us (van Nieuwenhuizen 
described some cases of iheumatic m}-ocarditis in which plain deviations 
were seen only in lead IV, whereas in some cases the picture of the 
T wave in the fourth lead changed analogically with the condition of 
the patient 

16 Korth, C, and Hecht, H Klin Wchnschr 14 992, 1935 
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In our first group of fifteen hundred electi ocardiograms ^\lth four 
leads A\e found deviations of the T A\ave in the chest lead (except 
those mentioned in sections 1 and 2) m one hundred and fifty-five 
cases In forty-six of them the T wave in leads I and II ivas either 
low or flat or negative As the chest leads in this group did not settle 
the diagnosis, these cases will be left out of considei ation Forty-four 
of the other one hundred and nine electrocardiograms showed a flat, 
loi\ or negative T wave m the third lead (table 4) In this group the 
chest lead (with a restriction to be mentioned latei) as a rule settled 
the question of judging the condition of the myocardium In the 
lemainmg sixty-five electrocardiograms only the fourth lead deviated 
from the standard (table 5) These figures show that the chest lead 
does not correspond exactly with the standard leads The desirability 
of bringing the electrocardiographic method to perfection when diag- 
nosing diffuse nij ocardial damages will be appreciated by every one who 
IS familiar with those frequent cases m which there are obvious clinical 
sjmptoms of caidiac failure but the limb leads do not show typical 
changes Howeier, when the T wave m the fourth lead is being 
ludged some factors must be considered It is agreed that digitalis 
influences the shape of the T wave just as much m the chest lead as 
m the standard leads (Strauss,^' van Nieuwenhuizen Also, just 
as in limb leads heating or cooling the surface of the chest above the 
cardiac apex may cause an inversion of the T wave (Jervell Finally, 
It impressed us that sometimes a positive T wave was found m the 
anteroposterior oi the anterior left leg lead in clinically healthy suh- 
lects, especially children On closer examination we found that these 
jtatients had a “dropping heart,” or a long, steep heart, of which the 
lou R wave m lead I and high R waves m leads II and III were 
mostl} , but not ah\ ays the expression m the limb leads Also as a 
iLile the T ware iias low in lead I and high in lead II When intei- 
preting the thoracic electrocardiogram it is important to remembei 
this fact and not to consider an inverted T wave m lead IV m patients 
vith long, steep hearts and in children as a symptom of myocardial 
disease Recently Giaybiel and WTite^® described a negative T wave 
111 the standard leads in fairly normal subjects However, an exami- 
nation of then case reports shows that some of the patients suffered 
from paroxysmal taclij cardia and thyrotoxicosis Aside from these less 
coiiMncing cases, theie were some in which a diagnosis of “neiiro- 
circulatory asthenia” had to be made Of course it cannot be denied 
that a gradual!} intruding infection may have developed, but that would 


17 Strauss, H , and Kat?, L N Am Heart J 10 546, 1935 
IS Jer\ell A Acta med Scandina\ , supp 68, 1935, p 1 

19 Grajbiel, A, and White, P D Am Heart J 10 345, 1935 
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Stamp the electiocaidiogiaphic and clinical diagnoses ad ahsmdtmi 
It must not be foi gotten that Lewis found the T 'uave minimally to 
be — 0 5 mm in lead I m normal subjects, and m lead II theie 
^^as sometimes a “tiace” Possibly oui cases of inveited T waves m 


Table S — ruifhci Data on the T Waves m leads III and IV 


Case 

Sev 

Tears 

Diagnosis 

Ta 

T* 

1 

P 

39 

Hipcrtcnsion 

T 

Diphasic 

2 

F 

53 

Hi pertension 

-1- 

+ 

3 

M 

75 

Hypertension 

+ 

Shallow 

i 

r 

59 

Hypertension 

Flat 

Flat 

5 

F 

31 

Hi pertension 

Flat 

Shallow 

0 

F 

01 

Hi pertension 

+ 

+ 

7 

P 

45 

Hi pertension 

Flat 

Shallow 

S 

F 

14 

Hypertension, Bright’s disease 

+ 

4- 

9 

F 

56 

Hi pertension, diabetes 

T 

+ 

10 

M 

42 

Hi pertension, angina pectoris 

+ 

+ High 

11 

F 

47 

Hi pertension, angina pectoris 

4* 

+ 

12 

F 

32 

Angina pectoris 

Diphasic 

+ 

13 

F 

59 

Angina pectoris 

Fiat 

Shallow 

1-1 

F 

43 

Angina pectoris 

Fiat 

Shallow 

15 

P 

50 

Coronary sclerosis 

Flat 

Flat 

10 

M 

51 

Coronary sclerosis, heart dilated 

4- 

+ 

17 

F 

57 

Coronary sclerosis 

+ 

Shallow 

IS 

F 

50 

Coronari sclerosis 

+ 

Shallow 

19 

M 

45 

Coronari sclerosis, eniph>semn 

_ 

Shallow 

20 

M 

01 

Coronari sclerosis, diabetes 

Flat 

Shallow 

21 

P 

41 

Numerous e\trnsystolcs 

4- 


O') 

F 


Numerous e5trosystolcs folloiiing diphtheria 

+ 

+ 

25 

F 

36 

Numerous oxtrnsystolcs, escaped bents 

+ 

Shallow 

24 

M 

41 

Non ous tachicardia 

Flat 

Shallow 

25 

P 

18 

Non ous taehi cardia 

+ 

Shallow 

20 

F 

55 

Palpitations 

+ 

Shallow 

27 

F 

31 

Paro\ismnl tachi cardia (?) 

4. 

Dlph 

2S 

F 

5S 

Exophthalmic goiter 

4. 

Dipli 

29 

F 

11 

Exophthalmic goiter 

4. 

4. 

30 

P 

14 

Exophthalmic goiter 

Flat 

Shallow 

31 

F 

21 

Exophthalmic goiter 

+ 

Diph 

32 

F 

27 

Exophthalmic goiter 

+ 


on 

oo 

F 

3S 

Exophthalmic goitei 

— 

4* 

34 

F 

21 

5Iitral stenosis 

Flat 

+ 

35 

F 

48 

Slltral stenosis 


Shallow 

30 

F 

20 

51itnl stenosis 


-r 

37 

F 

42 

5Iitral stenosis 

+ 

Shallow 

3S 

F 

50 

5Iitral stenosis insulHcicnci 

Fiat 

+ 

30 

r 

29 

5Iitral insulllciency 

+ 

Shallow 

40 

51 

57 

5Iitral Insuilieiency 

+ 

Diph 

41 

F 

24 

5Iitral insulllciency 

+ 

Shallow 

42 

M 

43 

4ortic regurgitation 

*T- 

T 

43 

51 

10 

Postrheumatic complicated delect 

+ 

+ 

44 

51 

12 

Endocarditis 

+ 

+ 

45 

51 

7 

Sidcnliam's chorea 

Flat 

+ 

40 

51 

2% 

Congenital malformation 

+ 

+ 

47 

51 

15 

Congenital malformation 


Shallow 

4S 

F 

30 

Aneurism of subclavian artcr\ 

Flat 

+ 

49 

F 

0 

Bronchopneumonia 

^ j 

+ 

+ 

50 

F 

30 

Flat 

Shallow 

51 

51 

12 


+ 

+ 

52 

P 

35 


+ 

Shallow 

53 

r 

37 

Histcna 

+ 

4“ 

54 

M 

38 

Tumor of spinal cord 

+ 

+ 

55 

F 

19 

Neurotic complaints , 

+ 

Shallow 

50 

51 

15 

Sincopcs vithout Lnown origin 

+ 

Shallow 

57 

r 

10 

Pams in bacl. 

+ 

+ 

3 

F 

34 

Cholelithiasis 

+ 

Flat 


fairly normal persons aie analogous to those of White (in which the 
cause was not known), but to us it seems moie piobable that the 
position of the heait w'as the causal factoi 

Case 1 (table 5, case 33, fig 8^) — A woman aged 38 suffered from hyper- 
thyroidism She had distinct tremors of the hands and a pulse rate of 104 The 
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blood pressure was 200 sjstohc The basal metabolism was +61 per cent \ 
roentgenogram show'ed the heart to be dilated to the left, possibly with dilation of 
the right ^entncle An electrocardiogram show'ed no distinct deviations in leads 
I and II, m lead III the T w'ave was low but positive m the anteroposterior lead 
So here the chest lead offered the onlj electrocardiographic sign that this se\cre 
In pertlw rosis was combined with disease of the myocardium 

C\SE 2 (table 5, case 40, fig 8 B) — K w'orkman aged 57 suffered from stomach 
trouble and palpitations Sometimes he awoke wnth an intense pain in the cardiac 
region The blood pressure w'as 100 systolic and 75 diastolic There w'as slight 
peripheral arteriosclerosis On percussion and roentgenographically the heart 
appeared to be enlarged Above the mitral valve a systolic murmur was heard 
The diagnosis was mitral insufficiency The liver was slightly enlarged An 
electrocardiogram show’ed low’ i entricular complexes in lead I , the course of the 
ST segment w'as aniso-electrical and saddle shaped In lead II there were small 
\ entricular complexes w'lth a notch in S In lead III the course of ST w’as aniso- 



Fig 8 — Examples of diphasic and positive T waves following diffuse injury 
to the mjocardium For data on A see case 1, section 3, and for B see case 2, 
section 3 

electrical, here too the ventricular complexes were small In all three leads the 
T waves were positive In lead IV the T wave was diphasic With the other 
deviations these findings indicated a none too favorable condition of the myocar- 
dium It IS a question whether here there was not a C 2 t}'pe of tracing, which 
then indicated the pressure of anterior infarction which had arisen chronicallj 


SUMMARY 

Data obtained from the chest lead deiived as a loutme method are 
discussed on a basis of fifteen hundred tracings In coronary throm- 
bosis the chest lead often offers the onl}’ electrocardiographic diagnostic 
evidence The importance of the chest lead for the differential diag- 
nosis of acute intrathoracic or abdominal deviations with coronary 
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thiombosis is pointed out The chest lead ma)’’ be of much value also 
in reaching a diagnosis in a case of giadually arising myocaidial infarc- 
tion The tracings obtained in coronaiy thrombosis aie divided into 
two groups, one of which (C2 type, fig 1 and C) was caused by 
anteiioi infaiction and the othei (Cl type, fig 1 H and E) possibl} 
b} posteiioi or septal infaiction 

It IS not improbable that these last cunes indicated an atypical 
bundle bianch block But theie still remains the question iihethei the 
cause IS not an insufficiency of the blood supply by the posteiior 
coionary aitery 

The lattei foim of tiacing (Cl) was seen m one case of iheumatic 
m}ocaiditis The histoiy of a patient in the fiist gioup usually lecoids 
an acute attack, that of a patient in the second gioup usually beais no 
lecoid of a sudden attack of pain oi oppiession This is the leason 
these myocardial changes often escape clinical obseivation Next the 
clinical significance of an abnoimally deep T wave (deepei than 
— 10 mm ) IS pointed out With a few' exceptions such a w'ave is 
alwa}s found m organic disease of the lieait In cases of initial stenosis, 
howerei, the T waACs in the standaid leads aie stiongly positive, m 
other gioups (hypertension, chionic nephiitis and aortic defects) all 
or pait of them aie abnormal The Inpothesis is adianced that the 
deep T wave m initial stenosis is the lesult of a difference m the posi- 
tion of the heart in the other gioups this might be the lesult of myo- 
caidial disease A deep T waie is found also m bundle bianch block 
Then, however, the Aentiiculai complex is leiy high and large, in 
analog)' to the diphasic lentiiculai complexes in the othei leads 

Finally the importance of the chest lead in making an electiocaidio- 
graphic diagnosis of diffuse in}ocaidial damage is deinonsti ated either 
as a suppoit for the thud lead (table 4) oi as the sole criteiion 
(table 5) Here the T w'ave may be shallow, diphasic oi positne 
Other factors wdnch influence the shape of the T w’ave in the chest 
lead are digitalis and a longitudinal position of the heait, especiallv 
in children 



ANATOMIC FEATURES OF THE CARDIAC ORIFICE 

OF THE STOMACH 


WITH SPECIAL REFERENCE TO CARDIOSPASM 
FREDERICK C LENDRUM/ MD, Pn D 

DETROIT 

The clinical problems which concern the lower end of the esophagus 
and the cardiac orifice of the stomach are basically anatomic pioblems 
The occiiirence and nature of esophageal varices depend on the venous 
supply and the anastomoses across the cardia, as has been demonstrated 
b} Kegaries ^ The study of peptic ulcer of the esophagus laises the 
question of the competence of the sphinctenc action of the cardia in 
preventing the regurgitation of gastric juice and also the question of the 
occurrence of islands of gastric mucosa in the esophagus Carcinoma of 
the cardia and the lower extremity of the esophagus also is of extreme 
anatomic interest The pecuhai glandular epithelium which is present at 
the cardia might be expected to give rise to neoplasms which have differ- 
ent properties fiom those of neoplasms which originate elsewhere m the 
stomach and esophagus Moreover, the metastasis of a carcinoma at the 
cai dia depends on the distribution of the lymphatic glands in this region, 
which has been much less satisfactorily studied than has the lymphatic 
drainage of the stomach Finally, the phenomenon of cardiospasm 
vhich IS the most important clinical condition associated with this region, 
doubtless depends for its explanation on some peculiarity of the muscu- 
lature, nerve supply oi exteinal pressure at this point in the enteric 
canal 

Aluch laboi has been spent on the study of the anatomic featuies of 
the stomach, and no small amount of attention has been directed also to 
the esophagus Surprisingly little thought, however, has been given 
to the point of transition between these two organs Accordingly, for the 
most part there are no adequate descriptions of what happens to the 
^arlous tissues as they pass from the esophagus into the stomach For 
the purposes of the present paper the word cardia will be used to cover 
this region of transition, including the lower extremity of the esophagus, 

* Former Fellow m Medicine, the Mayo Foundation 

Abridgment of thesis submitted to the faculty of the Graduate School of the 
Unnersity of Minnesota in partial fulfilment of the requirements for the degree 
of Doctor of Philosophy in Aledicine 

1 Kegaries, D L The Venous Plexus of the Esophagus Its Pathological 
and Clinical Significance, Thesis, University of Minnesota Medical School, 1912 
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the point o£ junctuie with the stomach and the adjacent poitions of the 
stomach If the teim caidia should sound to the Iiteiaiy purist like 
a colloquial modem abbieviation foi “cardiac oiifice,” it may console 
him to know that this \void Avas used in the “Commentaiies” of Hebei - 
den - as early as 1802 

GENERAL DESCRIPTION OF THE CARDIAC ORIFICE 

After passing thiough the diaphragm the lowei end of the esophagus 
cuives to the left and enters the innei aspect of the upper end of the 
stomach at the caidiac oiifice In the human adult the abdominal poi- 
tion of the esophagus, ivhich is teimed the caidiac antium, is about 
2 cm 111 length At the caidiac orifice the light maigin of the esophagus 
IS continuous ivith the lesser cuivatuie of the stomach, wdiile the left 
margin joins the gieatei curvatuie at an acute angle, which is termed 
the incisura cardiaca This angulation is dependent on the foim and 
position of the adjoining fundus 

When the esophagus and stomach aie opened at neciopsy, the 
mucous membrane at the cardia pieseiits an abiupt change in appeal ance 
from the smooth, white, opaque, paichment-hke mucous membiane of 
the esophagus and the mamillated pink mucus-coveied lining of the 
stomach This contiast more often than not is paitially effaced by 
postmortem erosion aiound the cardia 

The esophageal epithelium teiminates not m a stiaight but in a 
jagged, irregular and angulated line Just belorv this line in the adult 
there is a groove, which is foimed b}' the orifices of the cardiac glands, 
which in the adult undermine the low^ei end of the esophageal epi- 
thelium Microscopically the epithelium of the esophagus is obseived 
to be, in the human species, of a thick noncornified stiatified squamous 
variety, with numeious papillae, ai ranged linearly in the axis of the 
esophagus (fig 1) At the caidia the stiatified squamous epithelium 
of the esophagus changes abruptly to the simple columnai epithelium 
of the stomach (fig 2) Beneath both varieties of epithelium, at 
intervals of about 2 or 3 mm in the ordinal y section, aie the mucosal 
Ivmph follicles Likewnse, beneath both vaiieties of epithelium aie 
the cardiac glands In the human infant, as well as in eight othei species 
of mammals w^hich I have examined, the cardiac glands have the stiuc- 
ture of stunted oi incomplete fundic glands Bensley,® who has 

2 Heberden, William Commentaries on the Historj and Cure of Diseases, 
London, T Payne, 1802 

3 Bensley, R R The Cardiac Glands of Mammals, Am J Anat 2 105-156 
(Nov 29) 1902, The Cardiac Glands of the Mammalian Stomach, Anat Rec 4 - 
375-390, 1910, The Gastric Glands, m Cowdry, E V Special Cytology The 
Form and Function of the Cell in Health and Disease, New York, Paul B Hoeber, 
Inc, 1928, vol 1, pp 139-167 
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nnestigated the cardiac glands in much detail, concluded that the) are 
essentially fundic glands the development of which has been in some 
•way inhibited This inhibitory influence is apparently lost in middle 
adult life, when the cardiac glands undeigo an adenomatous hyperplasia 
ivhich produces bizaire irregular masses of glandular tissue 

The cardia is the site of striking changes in the subepithelial con- 
nective tissue, which take place by gradations over the region occupied 
by the cardiac glands In the esophagus theie is a fairly thick layer 
of connective tissue and lymph follicles betiveen the epithelium and the 
muscularis mucosae This layer is moie cellular and much more dense 
than the submucosal layer, which it approaches in thickness It con- 



Fig 1 — Full thickness section of the esophageal mucosa at the cardia, cleared 
to show the linear longitudinal arrangement of the papillae (X 28) 

tains no fat cells The lamina of subepithelial connective tissue con- 
tinues unchanged to the lower border of the esophageal epithelium In 
the legion of the cardiac glands this layer is invaded and distorted by 
irregular masses of glandular tissue When the true fundic glands are 
I cached, the muscularis mucosae is applied directly to the fundic ends of 
the glands, and the mucosal layer of connective tissue almost disap- 
pears 

No less dramatic are the changes which take place in the muscularis 
mucosae Throughout the esophagus the muscularis mucosae is very 
thick , 111 fact it IS possible to find sections m which it equals in thick- 
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ness that of the outer longitudinal layer of the musculaiis piopiia The 
musculaiis mucosae has no sheath It does not foim even a single dense 
lamina but is made up of ragged longitudinal strands of smooth 
muscle separated by connective tissue In the small intestine the 
muscularis mucosae is made up of an inner circulai and an outei longi- 
tudinal layer In th£ larger part of the stomach it is made up of three 
layeis Howevei, in the esophagus, at the caidia and m the neighboimg 
feu centimeteis of the stomach I have neiei seen anything except longi- 
tudinal fibers m the musculaiis mucosae The muscularis is unchanged 
throughout the esophagus as fai as the caidia The caidiac glands m 



Fig 2 — Point of juncture between the squamous and tlie columnar epithelium 
at the cardia (X 340) 

the adult sometimes bieak into the musculaiis, so that while these glands 
he mostly superficial to the musculaiis, strands of musculai tissue ma}'’ 
sui round the deep layeis of the cardiac glands As soon as the mus- 
cularis mucosae i caches the region of the fundic glands, which is 
generally within 1 or 2 cm of the end of the esophageal epithelium, it 
becomes a much thmnei but moie dense and legulai la}ei and is applied 
closely to the ends of the glands 

The submucous layer of the esophagus is composed of acellulai 
loose connective tissue The submucosal layei contains the esophageal 
glands propel, which aie closely applied to the outer suiface of the 
muscularis mucosae It contains also a few scatteied fat cells As the 
submucous Ia)^er passes down the esophagus and into the stomach, it 
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gradually becomes more dense, but there is no sudden change or break 
at the cardia The submucosa contains many more and larger vessels 
than aie present m the mucosa It contains also Meissner’s submucous 
plexus, the strands of which aie sparse and greatly attenuated in the 
region of the caidia and are difficult to demonstrate I have never seen 
ganglion cells in the submucous plexus of the human esophagus 
Greving ^ also failed to find them, and Koslowski ® apparently demon- 
strated that they do not occur in the submucous plexus of the esophagus 
of the cat or rabbit 

External to the submucosa is the circulai muscle, aiianged m bundles, 
with an inner and an outer sheath of connective tissue Outside this lies 
the intermuscular septum, which contains the myenteric (Auerbach) 
plexus, in addition to a network of blood vessels In the esophagus the 
intermusculai septum is a thick layer of connective tissue, and the same 
IS true for the cardia In the middle of the lessei curvature of the 
stomach, however, the intermuscular septum is greatly thinned, and 
when the small intestine is leached, theie is no longei any intermuscular 
septum, and the ganglions of the myenteiic plexus he naked between 
the two musculai layers 

External to the mtei muscular septum lies the longitudinal muscle 
This muscle is ordinarily about half the thickness of the circular 
muscle and like it is arranged m bundles These bundles are densely 
packed in the adult, but in the new-born infant the bundles may be 
sufficiently separated so that single longitudinal sections may give the 
impression of “bieaks” in the longitudinal muscle In the stomach 
below the caidia the layer of longitudinal muscle gradually becomes 
thinnei 

In the human being the muscle at the caidia is all smooth muscle 
Though occasional instances have been described in which striated 
muscle fibeis have extended down this fai (as by Aiey and Tremaine®), 
I have ne\er seen anything but smooth muscle m the region of the 
caidia In the adventitia, of course, strands of striated muscle, which 
extend from the diaphragm, are frequently present 

The adventitia m the legion of the cardia contains much loose 
acellulai connective tissue, with coaise longitudinal elastic fibers and 
large neive trunks The laigei blood and lymph vessels course in this 
lay^ei 

ilUSCULARIS PROPRIA 

Because of the vast practical impoitance of the clinical phenomenon 
ot cardiospasm, the anatomic aspect of the caidia which arouses most 

4 Greving R , quoted Kuntz 

5 Koslow ski, quoted bj' Kuntz 

6 Are}, L B, and Tremaine, M J The Muscle Content of the Loi\cr 
Esophagus of Man, Anat Rec 56 315-320 (Juh 25) 1933 
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geneial inteiest is the question of a sphincter muscle in this situation , 
foi it IS by no means established that the condition which may be termed 
idiopathic dilatation of the esophagus is actually the lesult of spasm at 
the cardia Spasm of the diaphiagm, piessuie by the liver, pressure 
b} the “tips” of the lungs, paialysis of the esophagus, failure of the 
reflex lelaxation of the caidia, fibiosis of the terminal portion of the 
esophagus and torsion of the esophagus aie other causes which aie used 
to explain this malady Even the site of obstiuction in caidiospasni is 
not agreed on Carman" said that it is geneially at the diaphi agmatic 
oiifice, while Alvaiez asseited that it is 2 cm lowei, at the cardia 

Some enlightenment on this confusion of theoiies might be expected 
if a satisfactory answer could be obtained to the question whethei oi 
not the caidia has a sphincter to “go into spasm ” This might seem 
to be the simplest of stiaightforward anatomic pioblems, but the inves- 
tigators aie hopelessly at odds about it Huist,® Thieding,® Schieiber,^® 
Bennett, Cannon^- and Todd asseited that theie is an anatomic 
sphincter at the caidia Zaaijer,^^ Flemer,^“ Jackson and Plenk 
denied the existence of such a sphinctei Abel asseited that theie is 
a sphincter but said that the sphincter is not at the cardia but 1 inch 
above, at the diaphragmatic oiifice Mosher at one time asserted that 
the sphincter is “a definite and satisfying structuie” and at a later date 
stated that it does not exist, and this sic ct non could be continued 
almost indefinitely 

7 Carman, R D The Roentgen Diagnosis of Diseases of the Alimentary 
Canal, ed 2, Philadelphia, W B Saunders Company, 1920 

8 Hurst, A F Les sphincters du canal alimcntaire et leur signification 
clmique. Arch d mal de I’app digestif 15 1-34 (Jan ) 1925 

9 Thieding, Friedrich Ueber Cardiospasmus, Atonie und “idiopathische” 
Dilatation der Speiserohre, Beitr z khn Chir 121 237-300, 1921 

10 Schreiber, quoted by Sturtevant 

11 Bennett, T I The Stomach and Upper Alimentary Canal in Health and 
Disease, London, William Heinemann, 1925 

12 Cannon, W B The Mechanical Factors of Digestion, London, Edward 
Arnold & Co, 1911 

13 Todd, T W The Clinical Anatomy of the Gastro-Intestinal Tract, Lon- 
don, Longmans, Green & Co , 1915 

14 Zaaijer, J H Cardiospasm in the Aged, Ann Surg 77 615-617 (May) 
1923 

15 Fleiner, W Neue Beitrage zur Pathologic der Speiserohre, Munchen 
med Wchnschr 47 529-531 (April 17) 1900 

16 Jackson, Chevalier Bronchoscopy and Esophagoscopy, ed 2, Philadelphia, 
W B Saunders Company, 1927 

17 Plenk, H Der Afagen, in Afollendorff, Wilhelm Handbuch der mikro- 
skopischen Anatomic des Afenschen, Berlin, Julius Springer, 1927, vol 5, pt 2, 
pp 1-234 

18 Abel, A L Oesophageal Obstruction Its Pathology, Diagnosis and 
Treatment, London, Humphrey Alulford, 1929 
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On anal} SIS hoA\e\ei, this conflict of opinion is not as disturbing 
as might be expected The proponents of the sphinctei in geneial 
(Abel/® Mosher/'’ and Huist, for example) did not attempt to defend 
their opinions with minute dissections oi serial i econstriictions Tliei 
were content to present the photographs of one or two specimens of 
stomach and esophagus which showed a puckering and muscular thick- 
ening at the point of juncture Abel/® m particular said that the 
sphincter can be satisfactorily demonstrated only by the injection ot 
from 6 to 8 quarts (6 to 8 liters) of solution of formaldehyde into 
the arteries immediately after death The eiror of this method will 
be apparent at once to any one familiar with the appearance of embalmed 
organs In subjects embalmed soon after death there frequently are 
lings of constriction and muscular thickening every few feet along the 
whole length of the gasti o-intestinal tract According to the anatomic 
technic under consideration, the points at which the intestine was fixed 
111 a state of contraction must all be interpreted as sphincters 

The question of a physiologic sphincter at the cardia is not of con- 
cern here There are three moiphologic details, however, which ma) 
be expected if an anatomic sphincter exists at the cardia first, a distinct 
band of circulai muscle marked off from the adjoining muscle by con- 
nective tissue septums, second, an associated dilator muscle formed h\ 
the dipping into the circular muscle of longitudinal fibers, and, thud, a 
local thickening of the circular muscle which persists after the factor of 
local spasm has been eliminated 

More than one hundred and fifty human cardias w^eie examined 
microscopically wath multiple sections and stains These specimens co\- 
ered the wdiole range from fetal life to advanced senility In none of the 
specimens wms there seen any special band of circular muscle separated 
by partitions of connective tissue In contrast to what Horton observed 
at the pyloius, both circular and longitudinal muscles appear to be 
absolutely continuous from the esophagus into the stomach The circular 
muscular fibers, it is true, are arranged m anastomosing bundles wnth 
connective tissue septums, which is the usual structure in the human 
gastro-mtestinal canal No septum at the cardia, however, is any larger 
01 more clearl} defined than are the others 

Dilator muscles are so generally seen in association with sphincters 
that the presence of a dilator muscle may be regarded as evidence in 
favor of the existence of a sphincter At the pylorus, for example, as 
Horton and other s have demonstrated, many of the longitudinal fibers 

19 Mosher, H P The Low'er End of the Oesophagus at Birth and in the 
Adult, J Larjmg & Otol 45 161-180 (March) 1930 

20 Horton, B T Pjlonc Musculature wnth Special Reference to the Piloric 
Block, Thesis, Uni%ersit\ of Alinnesota Medical School, 1928 
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dip in and become buiied in the circulai muscle to foini a dilatoi of 
the pyloric canal In none of the specimens examined was this observed 
at the cardia It must be mentioned, however, that in many fetal cardias 
small isolated strands of smooth muscle from the longitudinal layer weie 
observed to curve in and to be inserted on the connective tissue septum 
of the inner ciicular layei Seiial sections levealed that these micio- 
scopic pictures repiesented only abeiiant filaments and weie not part 
of a cuff of dilator fibers which extends around the caidia 

In general, the cardias which I examined at neciopsy did not reveal 
ail} localized musculai thickening Occasionally, howevei, particularly 
111 embalmed specimens, the cardia was observed to be puckered and 
in a state of conti action, and a diffuse iing of thickened muscle was 
noted at the oiifice of the stomach or at the level of the diaphragm or 
sometimes involving both sites In ordei to eliminate the factoi of 
spasm, five fiesh unopened specimens of cardia were fixed in solution 
of formaldeltyde with a small test tube inseited through the caidiac 
orifice and into the lower part of the esophagus to produce unifoim 
dilatation These specimens were then opened anteiioily and examined 
both grossl}^ and by micioscopic sections obtained from the anterior 
and posterior surfaces and fiom the right and left sides of the caidiac 
orifice In no case was there an}’- localized musculai thickening which 
resembled a sphincter muscle 

I am forced to conclude, therefore, that m the human being there is 
no morphologic evidence of a sphincter muscle at the caidia Moreovei, 
the evidence from comparative anatomy would not lead one to expect 
an anatomic sphincter at this point Gross and micioscopic examina- 
tions were made of the juncture of the esophagus and stomach of the 
fish, salamandei, frog, snake, pigeon, hog, calf, rat, mouse, labbit, 
guinea-pig, dog, cat and monkey Only m the gioup of rodents was 
localized muscular thickening noted which might be looked on as a 
cardiac sphincter In the rat, mouse and guinea-pig this was associated 
with a reduplication of the mucosa, which appaiently functions as a valve 
to prevent regurgitation from the stomach 

Despite the absence of a sphincter, theie is one lespect in which 
the circular fibers at the cardia differ from those in the lemamdei of the 
esophagus This concerns the lelationship of the circular fibeis to the 
oblique muscle of the stomach 

In order to reveal by dissection the full extent of the oblique muscle, 
five unopened specimens of stomach and esophagus weie turned inside 
out The mucosa was stripped from the suiface, and the submucous 
connective tissue was completely removed by dissection, which exposed 
the oblique muscle 

The oblique muscle is to be regarded as a special group of innei 
fibers of the circular muscle of the stomach It does not foim a com- 
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plete la}er in the stomach On the contiaiy, it is a U-shaped band, the 
cuive of the U being the loop which passes ovei the cardiac incisiira 
and the arms of the U being two stiands which extend down the lessei 
cuivatme on either side of the magenstrasse The dissections levealed 
that the oblique fibers loop up into the esophagus foi as much as 1 cm 
and blend with the ciiculai muscle on the left aspect of the cardia 
(fig 3 At this point the cuculai and oblique muscles have approxi- 
mately the same dii ection and merge sufficiently so that they usually are 
not readily distinguished m micioscopic sections M’Swiney-^ has 
obseived the same picture in lowei animals What practical significance 
these facts may have I cannot say The possibiht}^ howevei , that over- 
action of the oblique muscle may exert a pinchcock action on the cardiac 
oiifice seems deseiving of consideration in connection with the study of 
caidiospasm 

THE ELASTIC TISSUE OF THE CARDIA 

The elastic tissue of the human esophagus has been caiefulh 
clesci ibed by Schumachei He did not considei , howevei , the question 
of what modifications take place at the caidia The arrangement of the 
elastic tissue in the stomach has been summarized by Plenk laigely 
fiom the studies of Schutz The work of Schutz on the elastic tissue 
of the stomach is legaided as the most authoritative, although Schutz 
based his conclusions on a study of only two stomachs Schutz seems 
to have been the only writer to give much attention to the question of 
the variations in the elastic tissue of diffeient parts of the stomach He 
said that m the legion of the pylorus the submucosa is richei in elastic 
fibers than it is elsewheie wdnle in the region of the cardia there is 
an increase in the elastic tissue in the sheaths of the muscularis propiia 
His expression Caidiai egwn, however, is not sufficiently definite to 
answei the question of w'hat happens at the cardiac orifice 

The work of Moshei and McGregor m 1928 reopened the ques- 
tion of the aiiangement of the elastic tissue around the cardia and 
raised the question of its clinical significance These authors said that 

21 M’Swinev B A The Structure and Movements of the Cardia, Quart 
J Exper Physiol 19 237-241, 1929 

22 Schumacher, S Die Speiserohre, in Mollendorff, W Handbuch der 
mikroskopischen Anatomic des Menschen, Berlin, Julius Springer, 1927, ^ol 5. 
pt 1, pp 301-336 

23 Schutz, Emil Zur Kenntms des elastischen Gewebes des Magens, Arch 
f Verdauungskr 13 49-58, 1907, Beitrage zur Histologic des menschliclien 
klagens, ibid 14 241-250, 1908 

24 Mosher, H P , and kIcGregor, G W (a) A Stud}' of the Lower End 
of the Esophagus, Tr Am Paring, Rhin & Otol Soc 34 294-340, 1928, {h) A 
Stud}'- of the Low er End of the Esophagus, Ann Otol , Rhin & Larvng 37 12-70 
(March) 1928 
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the elastic tissue of the esophagus is “most abundant m the subnnicosa, 
although a certain amount is scattered between the bundles of the two 
mam muscles The elastic tissue is greatest m amount at the lowei end 
of the esophagus ” This is true “even in the disorganized esophagus 
of cardiospasm” and also in the dog “The terminal portion of the 
resting esophagus is closed The deep vertical pleats and the 

abundant elastic tissue which is present at this point are the main factors 
111 bringing this about ” This statement that the elastic tissue functions 
111 the closure of the cardia was made also by Stohr He noted an 
increase m the amount of elastic tissue, however, in the muscular instead 
of the submucous layer at the cardia 

The issue here laised is of considerable importance If, as the 
repoits of these authois imply, the closure of the lowei end of the 
esophagus and the cardiac orifice is a passive process caused by elastic 
tissue and if the opening of the cardiac orifice is the active piocess, the 
basic physiologic notions in terms of which writers have tried to explain 
caidiospasm will need to be radically revised 

In Older to throw light on this problem, both longitudinal and 
tiansverse sections were taken from the middle portion of the esophagus, 
cardia, lesser curvature of the stomach and jejunum of five patients 
examined at necropsy These specimens were stained with either the 
Weigert stain for elastic tissue or the Grubler stain foi elastin and were 
examined microscopically 

The observations may be summarized as follows At the cardia the 
elastic tissue is essentially the same in amount and arrangement as it is 
at the middle portion of the esophagus, with one exception, which will 
be noted presently The mucosa superficial to the muscularis contains 
a feiv fine elastic fibers, which m the adult tend to form sheaths around 
the cardiac glands Numerous coarsei fibers, longitudinal in direction 
are present between the strands of the muscularis mucosae In the 
submucosa the elastic fibers, also longitudinal in direction, aie more 
numeious than they are in the mucosa The bulk of the elastic tissue, 
however, occurs in sheaths of the muscularis propria There is an inner 
sheath between the circtilai muscle and the submucosa, an intermuscular 
sheath which splits to surround the ganglions of the myenteric plexus 
and a ragged and irregulai adventitial sheath The general direction of 
these sheaths is longitudinal, although numerous circular fibers are noted 
in connection with the inner circular muscle, and numerous ladial 
strands connect the thiee layers The adventitia of the cardia differs 
from that of the middle portions of the esophagus in that many more 

25 Stohr, Philipp Lehrbuch der Histologic und der imkroskopischen Ana- 
tomic des kfcnschcn mit Einschluss der mikroskopischen Tcchnik, Jena, Gustai 
Fischer, 1919 



LENDRUM— CARDIAC ORIDICE OF STOMACH 


485 


coarse longitudinal fibeis are piesent in the foimei The amount of 
elastic tissue giadually diminishes as sections from the esophagus to 
the jejunum aie examined 

I have been unable to confiim the asseition of Mosher and McGiegor 
that the suhmucosa of the cardia contains an exceptionally laige amount 
of elastic tissue which functions m the closuie of the caidia Only m 
the adventitia of the caidia did I ohseive moie elastic tissue than is 
piesent in similai sections fiom the middle portion of the esophagus 
The adventitial fibeis aie longitudinal m direction, hence, they pre- 
sumably do not have a constiictor action on the cardia 

LYMPHATIC DRAINAGE 

My stud} of the lymphatic diamage at the caidia will be piesented 
in abstract onh The continuity of the submucous space at the caidia 
uas investigated by the method of Hoi ton In fifteen human specimens 
a dye and gelatin mixtuie was injected into the submucosa of the 
esophagus or of the stomach in the legion of the caidia In contrast 
to what Horton obseived at the pyloius, no submucous block ^\as seen 
at this orifice of the stomach The injection mixtuie passed fieeh 
in the submucosa, both from the stomach into the esophagus and fiom 
the esophagus into the stomach (fig 3 B) 

The lymphatic diamage of the caidia of the living cat was studied 
b} injecting blebs of mdia ink into the submucosa of the teimmal 
poition of the esophagus and b} examining the visceia after intervals 
of fiom a half houi to two hours In all cases diamage vas found to 
occur through the adventitial lymph lessels to one oi two lymph nodes 
at the bifurcation of the tiachea and to one oi two lymph nodes along 
the lesser curvature of the stomach No tiace of ink was seen in ani 
other lymph node 

ARTERIAL ANASTOMOSIS 

On account of the clinical importance of the esojihageal vaiices which 
form in cases of portal obstruction, the venous anastomoses acioss the 
cardia have long received attention Recently, Kegaiies ^ made a careful 
anatomic investigation of this subject, and his woik called attention to 
the variability in the amount of venous anastomosis acioss the caidia 
and to the richness of the submucous plexus of the esophagus His 

26 Horton, B T Pyloric Musculature with Special Reference to the P\ lone 
Block, Am J Anat 41 197-225, 1928, A Study of the Pjlonc Block with Special 
Reference to Musculature, Mj enteric Plexus and Lymphatics, Thesis, University 
of Minnesota Medical School, 1930, Tr A Resid & ex-Resid Physicians, Mayo 
Chn 10 152, 1930, Pylonc Block with Special Reference to the Musculature, 
Myenteric Plexus and Lymphatic Vessels, Arch Surg 22 438-462 (March) 1931, 
footnote 20 
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injections showed a band of paiallel nonanastomosing veins which (. 011 - 
nect the submucous venous netwoik of the stomach with that of the 
esophagus 

Compaied with the venous anastomoses, the aiterial connections 
aci OSS the cardia have 1 eceived little attention Demel,- " it is true, made 
a careful investigation of the aiterial supply of the esophagus in 1924 
Two featuies of his woik, however, made me wish to obtain finthei 
enlightenment First, his method of pumping injection mixtuie into 
the aoita and. hence, of injecting the mixtuie simultaneously into all the 
arteiies which supply the esophagus is not one that outlines sharply 
the legion supplied by an} individual aitery 01 that facilitates a coni- 
paiison of the varying legions supplied in dififeient specimens Second, 
he said that the “fourth pait of the esophagus leaches from the 
diaphi agm to the cai dia and is from 3 to 6 cm long ” In my specimens, 
houevei, the length of the esophagus below the diaphiagin was gen- 
eialh about 2 cm, which is the figure usually given in the textbooks 
The laigei figure given by Demel suggested that the “abdominal por- 
tion of the esophagus,” as defined by its blood supply, may extend 
consideiabl} farther than the actual subdiaphiagmatic segment of the 
esophagus — a consideiation of some impoitance if true 

problem was to determine the extent of the aiteiial connections 
acioss the cardia uhich come fiom the gastiic vessels 

The method emplo}ed was that ot injecting a ladiopaque medium 
into the left gastric aiten Roentgenogiams were made of the arterial 
tiee thus outlined (fig 4), and dissections were made to determine 
piecisel} the position and connections of each vessel revealed in the 
I oentgenograms Ten human specimens weie employed Gieat care 
was taken to eliminate such disturbing factors as the plugging of arteries 
b} blood clots 01 the pi esence of pressure or kinking m the region of the 
cardia 

The most striking single fact demonstrated m the ten specimens rvas 
the extreme vanabihty of the arterial connections from the stomach 
into the esophagus In some cases the mixtuie was injected into the 
esophageal ressels for as far as 10 cm above the diaphragm In such 
cases It IS important to note that the esophagus is as richly supplied with 
vessels as is a similar poition of adjoining stomach In other cases the 
mixture stopped abruptly at the cardia, even when the uniform injection 
of mixture into the stomach indicated that the aiterial system was free 
from blood clots Most fiequently, however, a single branch or a few 
branches pass from the gastric arteries to supply limited portions of the 

27 Demel Rudolf Die Gefass\ ersorgung der Speiserohre Ein Beitrag zur 
Oesophaguschirurgie, Arch f klin Chir 128 453-504, 1924 
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esophagus — not pi edominantly the right posteiior aspect of the esoph- 
agus. as Derael has alleged, but poitions which vaiy gieatly in size, 
shape and position 

All the blanches of gastiic aiteiies which supply any laige poition 
of the esophagus ascend m the adventitia The most fiequent airange- 
ment is for one laige vessel oi gioup of vessels to ascend on the posteiior 
suiface of the esophagus and foi aiiothei vessel oi gioup of vessels to 
ascend on the anterioi suiface These aiteries anastomose fieely with 
each othei and usually also with the lowest esophageal arteiies, which 
aiise fiom the aorta and which aie most fiequently seen about 12 cm 
above the caidia I did not make roentgenogiams of the diapliiagm, but 
as fax as gioss dissection could leveai, connection with the diaphiag- 
matic arteiies appealed small and infieqnent 



Fig 4 — Roentgenograms of the arteries of two stomachs, show’ing the striking 
difference in the extent of the anastomoses in the lower portion of the esophagus 


The adventitial aiteiies give oft thiee types of blanches The fiist 
ttpe consists of spaise blanches which supply the adventitia itself The 
s.econd type consists of the numeious but tiny branches which supply the 
esophageal muscles These blanches geneially penetiate to the nitei- 
muscular septum and then bleak up into tiny twigs The aiteiial 
blanches which penetiate to the mtei muscular septum doubtless com- 
municate wnth each other and with the aiteiioles m the intei musculai 
septum of the stomach, but the anastomoses aie so small that I could 
not demonstiate them m my dissections The third type of blanches of 
the adventitial aiteries consists of lelatively laige ti links which penetrate 
through the musculai !a}er at intervals of about 2 cm and entei the 



488 


ARCHIVES OF INTERNAL MEDICINE 


submucosa In the submucosa they bieak up into a fine netwoik of 
anastomoses uhich resemble the venules of a leaf At the cardia this 
network communicates freely with the submucous plexus of the stomach 
There is no band of straight nonanastomosing vessels connecting the two 
networks across the cardia, such as Kegaries has obseived in the venous 
anastomosis On the contrary, the same architecture is obser^^d m the 
network which ciosses the cardia as in the adjoining esophagus and 
stomach It is important to note, however, that the anastomoses in the 
submucosa aie fine and hairhke and incapable of carrying the injection 
mixture moie than a couple of centimeteis up the esophagus if the 
adventitial aiteiies are occluded 

NERVES (myenteric PLEXUS ) 

If there is no sphinctei or muscular discontinuity at the cardia to 
explain the functional changes which occur at this point, one must look 
foi then explanation in the nervous mechanisms of the cardia Even 
if the conti oversial phenomenon of clinical cardiospasm is left out of 
consideration, it must be lecognized that the cardia is the site of impor- 
tant changes in function that distinguish this region not only from the 
adjoining stomach but also fiom the poitions of the esophagus which 
he above it First, there is the action as a physiologic sphincter Second, 
there is the phenomenon of experimental spasm of the ciiculai muscle 
at the cardia (not necessarily identical with clinical cardiospasm), which 
may be produced by cutting the vagi or reflexly by stimulating vaiious 
abdominal viscera, as Carlson, Boyd, Pearcy and Luckhaidt,-® Sciim- 
ger,-® and others have demonstrated Third, although Alvarez®® stated 
the opinion that the peristaltic waves of swallowing may pass across the 
caidia and continue as peristaltic waves of the stomach, it is obvious 
that there is a discontinuity at the cardia between the rapid and volun- 
tarily initiated waves of swallowing and the slower and rhythmic move- 
ments of the stomach 

The myenteric plexus (Auerbach's plexus) is a network of nerve 
fibers, mostly uniu} ehnated, which lies between the mnei ciicular and 
outer longitudinal muscular layers of the enteric canal and which 

28 Carlson, A J , and Luckhardt, A B Studies on the Visceral Senson 
Nervous Sj stem X The Vagus Control of the Esophagus, Am J Ph 3 ^siol 57 
299-335 (Sept) 1921 Carlson, A J , Boyd, T E, and Pearcy, J F Studies 
on the Visceral Sensory Nervous System XIII The Innervation of the Cardia 
and the Lower End of the Esophagus in Mammals, ibid 61 14-41 (June) 1922, 
XIV The Reflex Control of the Cardia and the Lower Esophagus in Mammals 
Arch Int Med 30 409-433 (Oct) 1922 

29 Senmger, FAC Idiopathic Dilatation of the Oesophagus, Aim Surg 
94 801-817 (Nov) 1931 

30 Aharez, W C Personal communication to the author 
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extends from the uppei portion of the esophagus to the teimmal poition 
of the rectum This plexus is umfoimly distributed on all sides of the 
alimentary canal At the nodal points of the netwoik, ganglions occur 
Krislinan and othei s have demonstrated that the myentei ic plexus 
functions to contiol oi at least to cooidmate the movements of the 
gasti o-intestinal tiact 

The myentei ic plexus piesents the same appeal ance at the caidia as 
it does throughout the lower two thuds of the esophagus It is cut 
about once a milhmetei in micioscopic sections passing thiough the 
intei muscular septum It is a less conspicuous stiiictuie at the cardia 
than it IS in the small intestine, because it is suiiotinded b} connective 
tissue instead of lying naked between the musculai layeis The gang- 
lions are made up of neive fibers, ganglion cells and sustentacular cells 
I have tiled a wide vaiiety of special stains but have not found any 
that can approach the oidmar}'- Van Gieson stain m lendeimg the gang- 
lion cells easily visible so that the cells can be counted , 

Ganglion cells appeal in vaiiable numbers in the ganglions at the 
cardia, occasionally, a favoiable section may show as many as ten cells 
in one ganglion The}' aie loughly oval, with the long axis paiallel to 
the long axis of the esophagus When stained with the Van Gieson 
stain they present a sti iking appearance They are fai larger than any 
other cells which may be seen in this legion The cytoplasm, which 
stains a dark brownish giay, is equally distinctive The laige, clear 
nuclei, each with a large nucleolus, aie also specific Finally, each 
ganglion cell is suiiounded by a capsule of sustentaculai cells The 
latter, which have numerous other names, aie appaiently insulating 
cells which correspond to the cells of the sheath of Schwann and the 
ohgodendrogha cells in the peripheial nerves and the central neivous 
system, respectively 

DogieP- described two types of ganglion cells m the myentei ic 
plexus, the distinction resting chiefly on the difleiences m the dendrites, 
as revealed by the vital methylene blue stain He said that one type 
represents ganglion cells of the sympathetic system and that the other 
type represents ganglion cells of the vagus neive The evidence on the 
subject has been critically evaluated by GaskelH® and moie recently by 
Kuntz The weight of authority favois the view that all the ganglion 

31 Knshnan, B T Studies on the Function of the Intestinal Musculature 
Are Intestinal Movements Neurogenic or Mvogenic^ Quart J E\per Physiol 
22 361-368 (June) 1933 

32 Dogiel, A S , quoted by Gaskell 

33 Gaskell, W H The Involuntary Nervous System, London, Longmans, 
Green & Co , 1916 

34 Kuntz, Albert The Autonomic Nervous System, Philadelphia, Lea & 
Febiger, 1929 
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cells of the myenteric plexus in the esophagus, cardia and stomach 
represent terminal ganglion cells of the A^agus nerve Sympathetic fibers 
are not present in the esophagus, except in the last few centimeters 
above the cardia Here, they mingle -with the fibeis of the myenteric 
plexus but pass thi ough the ganglions without synapse There is certain 
physiologic evidence which indicates the presence of independent local 
reflex arcs in the wall of the intestine, which aie mediated by the 
myenteric plexus The anatomic evidence is all against such a view, 
however 

The question of the continuity of this nervous network from the 
esophagus into the stomach has a good deal of physiologic significance, 
yet I have found that only two authors have investigated the subject 
One was Irwin,®® Avho used the vital meth)dene blue technic, who 
reported that in the gumea-pig he had traced some nerve fibers from 
the esophagus to ganglions in the stomach The second author was Sir 
Arthur Keith After discovering in the heart the node which now bears 
his name — ^the sino-auricular node — ^Keith began to find similar nodes 
almost everywhere He has described several of them situated at stra- 
tegic points in the gastro-intestmal tract Among other places he claimed 
to have found a “definite development of neuromuscular junctural 
tissue’’ at the cardia No other anatomist has confirmed Keith’s work 
His illustrations look to me like those of an oidinary myenteric plexus 
None of my sections of the cardia showed any structure that could be 
interpreted as neuromuscular junctural tissue One can hardly escape 
feeling that the junctural node at the cardia belongs in the same category 
as the unicorn and the basilisk 

As Avill be demonstrated in a later section of this paper, lesions of 
the mj'^enteric plexus are an important subject in relation to the patho- 
genesis of cardiospasm The lesions are ordinarily described in terms 
of numerical loss of ganglion cells as seen in microscopic sections of 
the myenteric plexus It is accordingly important to establish a norm 
tor the number of ganglion cells appearing in a standard microscopic 
section But before this is done, it is necessary to point out that if the 

35 AKarez, W C The Mechanics of the Digestive Tract An Introduction 
to Gastroenterology, New York Paul B Hoeber, Inc, 1928 

36 Invin, D A The Anatoms of Auerbach’s Plexus, Am J Anat 49 141- 
166 (Sept ) 1931 

37 Keith, Arthur An Account of Six Specimens of the Great Bowel Removed 
by Operation, with Some Observations on the Motor Mechanism of the Colon, 
Brit J Surg 2 577-599, 1915 , A New Theory of Enterostasis, Lancet 2 371-375 
(Aug 21) 1915, Discussion on the Interpretation of Certain X-Ray Signs of 
Intestinal Stasis Proc Roy Soc Med (Electrotherap Sect) 9 1-11, 1916, The 
Great Bowel, from an Anatomist’s Point of View, m Lane, W A The Opera- 
tive Treatment of Chronic Intestinal Stasis, ed 4, London, Hodder & Stoughton, 
1918 pp 202-217 
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ganglion cells of the in 3 ^enteiic plexus, like those elsewhere in the body, 
do not increase in number after birth, then the esophagus in the adult 
can contain no more ganglion cells than the esophagus of the new-born 
infant This same number of ganglion cells, moreover, is distributed 
over a longer and widei esophagus in the adult, and fewer cells can 
be expected to appear in a microscopic section of given dimensions 
Furthermore, in the dilated esophagus in a case of cardiospasm the 
mean distance between ganglion cells must be still further increased, 
and even without any destiuction of ganglion cells one must expect the 
number of cells in any microscopic section to be greatly reduced 

In order to determine the normal number of ganglion cells to be 
expected in a microscopic section at the cardia, counts were made on 
two hundred segments of the myenteric plexus appearing in sections of 
the cardias of fifty-eight adults In all cases the cardia appeared grossly 
and microscopically normal The fifty-eight persons included forty-one 
men and seventeen women The range m age for the men was from 
22 to 87 3 ^ears, with an average age of 56 85 years The range in age 
for the women was from 18 to 78 years, with an average age of 48 17 
years In these fifty-eight cases eight 3 ’’-nine blocks of tissue were taken 
One hundred and thirty-nme sections were made The sections were 
8 micions thick and were cut m a longitudinal direction, perpendicular to 
the surface The sections were mostly stained by the Van Gieson 
method According to the length of the section, one or two segments, 
which were 1 cm in length, were measured along the myenteric plexus 
and marked on the cover glass, and the number of ganglion cells 
present in such segments was counted with the aid of a microscope 
It will be understood that not every ganglion cell was cut squarely 
through the center in such a ivay as to reveal all its characteristic fea- 
tures Only such structures were counted as ganglion cells, however, 
as were sufficiently intact to be identified unquestionably as such 
Twelve hundred and fift 3 '- ganglion cells were counted in 200 segments, 
which were 1 cm long The results are presented in table 1 The 
curve that shows the frequency of these cells has an interesting skew 
shape (fig 5) The wide range of the various counts and the large 
probable error emphasize the necessity for making multiple counts of 
cells before concluding that the number of ganglion cells is abnormal 
in cardiospasm or in any other condition 

The range of values found when multiple counts were made with 
sections from a single cardia confirms these conclusions A comparison 
of the number of ganglion cells in specimens obtained from a small 
group of young adults with the number of ganglion cells in specimens 
obtained from a similai group of aged adults suggested that there may 
be some loss of ganglion cells with advancing 3 'ears 
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CARDIOSPASM 

Some of the anatomic features of the normal caidia have ahead} 
been described It is now my intention to appl}- these norms to the 
study of specimens from patients with cardiospasm It is my purpose 


Table 1 — Data on the Nnmbei of Ganghott Cells tn Centimeter Segments of the 

Myenter ic Plexus at the Car dia ^ 


Number of 

Number of 

Number of 

Number of 

Ganglion Cells 

Times Observed 

Ganglion Cells 

Times Observed 

0 

24 

16 

5 

1 

19 

17 

4 

2 

IS 

18 

1 

3 

16 

19 

1 

4 

16 

20 

1 

5 

18 

21 

1 

6 

11 

22 

1 

7 

7 1 

23 

1 

8 

12 

24 

0 

9 

10 

25 

0 

10 . 

8 

26 

0 

11 

6 

27 

0 

12 

9 

28 

0 

13 

4 

29 

1 

14 

4 

SO 

0 

15 

2 




* Segments counted, 200, ganglion cells counted, 1,200, mean number of ganglion cells per 
segment, 6 25, mode, 0, standard deviation, ■±^i8, probable error, ±3 69 



Fig 5 — Graph showing the frequency of ganglion cells in segments of the 
mventenc plexus 1 cm m length 

to lay aside clinical preconceptions as to the nature of cardiospasm and 
to study the available material simply as examples of a chronically 
dilated esophagus without evident organic obstruction Even the report 
of clinical histones will be reduced to the minimum of facts such as 
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the duiation of symptoms, operative treatment and coincidence with the 
onset of some acute infectious disease, which are directly pertinent to 
the interpretation of the anatomic findings 

Hurst recently has pushed the history of cardiospasm back a centuiy 
and a half by calling attention to a remarkable case recounted in 1672 
by Thomas Wilhs in his “Phaimaceutice lationalis ” Wilhs not only 
divined the true nature of the condition but even treated it successfully 
with dilation The honor of describing the first case of idiopathic 
dilatation of the esophagus, however, is usually attributed to Purton®® 
in 1821 Hannay^'’ (1833) is geneially ci edited with the second case, 
although Herbert Mayo pei formed a necropsy in one case in 1829 
Zenker and von Ziemssen were the first to recognize the condition 
as a clinical syndiome (m 1876) They collected leports of seventeen 
cases from the literature and applied to the disease the name simple 
ectasia of the esophagus Following this numei ous cases were reported, 
chiefly from Germany, but it lemained foi Plummer and his associates 
to appreciate the gieat clinical impoitance of cardiospasm and to dis- 
cover highly accurate methods of diagnosis and a satisfactory procedure 
of treatment The literature on cardiospasm was leviewed in German 
in 1921 by Thiedmg ° and in English in 1933 by Sturtevant 

In 1882 von Mikulicz coined the catchy but question-begging term 
cardiospasm This name is as unfortunate as would have been the 
designation anospasm foi Hiischspiung’s disease, because the view that 
chronic dilatation of the esophagus results from a spasm of the cir- 
cular muscle at the cardia is by no means univei sally accepted For 
example, Bassler has said that what is called cardiospasm is in reality 
a constriction of the lowei end of the esophagus by the crura of the 

38 Wilhs, T, quoted by Hurst 

39 Purton, J , quoted by Sturtevant 

40 Hannay, A J An Extraordinary Dilatation (with Hypertrophy) of All 
the Thoracic Portion of the Esophagus, Causing Dysphagia, Edinburgh M & 
S J 40 65-72, 1833 

41 Mayo, Herbert Outlines of Human Pathology, Philadelphia, A Waldie 
1839 

42 Zenker, F, in von Ziemssen, H Handbuch der speciellen Pathologic und 
Therapie, Leipzig, F C W Vogel, 1876 

43 Plummer, H S Cardiospasm ivith Report of Cases, J Minnesota M A 
26 419-424, 1906, Cardiospasm with Report of Forty Cases, J A M A 51 549- 
554 (Aug 15) 1908 

44 Sturtevant, Mills Cardiospasm, with a Review of the Literature Arch 
Int Med 51 714-736 (May) 1933 

45 von Mikuhcz, J , quoted by Sturtevant 

46 Bassler, Anthony Cardiospasm What It Is, What It Seems to Be New 
York State J Med 14 9-11, 1914 
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diaphiagm Chevalier Jackson and others have further developed thb 
theory and have suggested that this clinical syndrome be termed 
phienospasm Zenker/" Rosenheim/^ Bier and Sternberg/® however, 
have asserted that in cardiospasm the cardia is no more fiimly closed 
than it normally is but that the failure is the lesult of paralysis of the 
esophagus, so that the function of foicmg food thiough the cardiac 
orifice IS not exeicised Huist stated that the “law of the intestine’ 
applies at least to the cardiac end of the esophagus and gave as his 
opinion that so-called cardiospasm is really a failure of the normal leflev 
relaxation of the cardia in swallowing Accoidingly, he applied to the 
condition the term achalasia of the cardia Mosher has entei tamed at 
\aiious times the theories that the obstiuction to swallowing is caused 
by pressure on the esophagus by the tips of the lungs, by compiession by 
the “liver tunnel,” by kinking and toision of a ledundant esophagus 
and by fibiosis of the periesophageal connective tissue®® 

The study of cardiospasm is handicapped by something which 
impedes the study of few diseases, namely, the extiaordinaiy eftective- 
ness of the methods available for treatment Despite the frequency of 
the condition, so few persons die of cardiospasm at the various medical 
centers that I have found no reports of necropsy which comprise more 
than thirteen cases 

Some evidence has accumulated, howevei, to support the view that 
caidiospasm is associated with definite lesions of nerves Cameron®* 
has reported lesions of Auerbach’s plexus m seven cases of cardiospasm 
in children Heyrovsky noted vagus neuritis at necropsy in cases of 
cardiospasm, and Loeper and Forestier have reported recurient spasm 

47 Jackson, Chevalier The Diaphragmatic Pinchcock in So-Called “Cardio- 
spasm,” Laryngoscope 32 139-142 (Feb ) 1922 

48 Rosenheim, T, quoted by Sturtevant^* 

49 Bier, August Die Erklarung der Ischuria paradoxa und des Kardiospas- 
mus, Zentralbl f Chir 58 901-902 (April 11) 1931 

50 Sternberg, W , quoted by Sturtevant 

51 Mosher, H P Liver Tunnel and Cardio-Spasm, Laryngoscope 32 348- 
362 (May) 1922 

52 Mosher, H P Cardiospasm, Pennsjlvania M J 26 240-249 (Jan) 1923 

53 Mosher, H P Fibrosis of the Terminal Portion of the Esophagus Car- 
diospasm, Proc Internat Assemb Inter-State Post-Grad M A , North America 
6 95-104, 1931 

54 Cameron, J Oesophagectasia in a Child, Arch Dis Childhood 2 358-360 
(Dec) 1927 

55 Hevrovskj', Hans Casuistik und Therapie der idiopathischen Dilatation 
der Speiserohre Oesophagogastroanastomose, Arch f klin Chir 100 703-715 
(Jan 30) 1913 

56 Loeper, M , and Forestier, J Les lesions nerveuses du pneumogastrique 
et le cardiospasme recurrent dans le cancer de I’estomac, Arch d mal de I'app 
digestif 11 307-312, 1921 
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at the caidia in carcinoma of the stomach that was complicated by 
ascending invasion of the vagus by tumor cells Kraus and Pollitzer 
also have reported lesions of the vagus nerve in cardiospasm Finally, 
Hurst and Rake,®® Stokes,®® Rake,®® Caineion,®^ Beattie®^ and Moshei 
and McGiegoi have leported a loss of ganglion cells in the myenteric 
plexus in cases of cardiospasm Whether this is piimaiy or secondary 
is a controvei sial point Mosher, who aheady has an excess of theories 
with which to explain cardiospasm, stated that he was inclined to think 
that the loss of ganglion cells is secondaiy to the pressure which the 
distended esophagus suffers He quoted Cannon to show that the 
ganglion cells of the myenteiic plexus are highly susceptible to pressure 
anemia Huist, on the othei hand, concluded that "achalasia of the 
cardia,” as he termed the condition, is piimarily an oiganic disease of 
Auerbach’s plexus 

Cardiospasm is fiequently associated with diveiticulum of the 
esophagus Stuitevant listed Vinson,®- Fitzgibbon,®® Bull,®'* Dufoui,®® 
Van den Wildenberg ®® and Freud ®' as reporting cases of this con- 
currence The association of cardiospasm with asthma has been noted 
by Scolleiy,®® von Bergmann ®® and Lindvall The condition most 
commonly found m association with cardiospasm, howevei, is peptic 
ulcer Heyrovsky ®® and many others have commented on this fact 
Syphilis is not often found in conjunction with cardiospasm, and m none 
of the following cases vas syphilis piesent 

REPORT OF CASES 

The specimens in the following thiiteen cases were examined grossly, 
and from twenty-five to one hundied sections of each specimen after- 
ward were studied micioscopically Each case will be described briefly, 
and then the findings foi the whole gioup will be summaiized 

57 Kraus and Polhtzer, quoted by Mosher and McGregor 
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C\SE 1 — A man aged 53 had suffered from salivation and progressive dysphagia 
for fi\e jears before he came to the Maj'O Clinic A roentgenogram revealed not 
only dilatation of the esophagus but a perforating ulcer on the lesser cur\ature 
of the stomach The ulcer was excised, and the cardia was manually dilated in 
the course of the operation The patient made an uneventful convalescence Eleien 
days after the operation he was dismissed from the hospital and was waiting for a 
bus, when he suddenly dropped dead on the sidewalk 

The general observations at necropsy included old healed aortic and mitral 
endocarditis wnth stenosis, b 3 ^pertrophy and dilatation of the heart, arterioscle- 
rotic changes in the kidneys , fatty changes in the heart, liver and kidneys , multiple 
diverticula of the rectum, moderate general arteriosclerosis, and thrombosis of 
die prostatic plexus The partial excision by knife of the gastric ulcer had healed 
w'lthout perforation or peritonitis Death wms attributed to cardiac failure 

Examination of the stomach and esophagus revealed contraction wuthout organic 
narrow'ing of the low'est 4 cm of the esophagus There was a fusiform dilatation, 
which proceeded from below^ upw'ard to a sac wdiich had a maximal inner circum- 
ference of 8 cm at a point 9 cm above the juncture of the esophageal and the 
gastric mucosa There was no evidence of ulceration, scarring or rupture of the 
esophagus, no diverticulum, tw'isting or kinking of the esophagus was present 
and there w'as no suggestion of a hy'pertrophied sphincter or of hypertrophj of 
the oblique muscle of the stomach 

Microscopic examination showed that in the undilated portion of the esophagus, 
at and just above the cardia (I shall call this portion the neck), the epithelium 
W'as relativelj' thickened, but otherwise it was normal In the dilated portion of 
the esophagus (the sac) the epithelium was thinner and was eroded in some places 
but not ulcerated The neck revealed a relative thickening of both layers of the 
muscularis propria and a slight increase in the amount of elastic tissue In the 
sac the amounts of muscle and of elastic tissue w'ere approximately normal, but 
the circular elastic fibers w'ere more prominent than usual There was no fibrosis 
among the muscle fibers The ganglion cells of the myenteric plexus had almost 
disappeared (fig 6) No cells were seen m sixteen segments of the cardia, w'liich 
were 1 cm in length, and in nine similar segments of the sac The ganglions of 
the mj enteric plexus showed a great increase in the number of nuclei in the 
supporting (sustentacular) cells These cells frequently formed little whorls 
inside what appeared to be the capsules of former ganglion cells Such whorls 
presented a superficial resemblance to renal glomeruli , for want of a bettei label 
they w'lll be termed glomeruloids As was true in many of these cases, the largest 
part of the vagus neive had been removed by' the laboratory technician in the 
process of making a neat looking specimen for display Numerous fragments of 
the ^agus plexus w'ere disco\ered, how'ever, and studied with special stains for 
nerves, but all w’ere normal 

Case 2 — A. woman aged 29 came to the clinic because of dysphagia, which 
had been present for two lears In the previous six months she had undergone 
ten dilations of the esophagus for cardiospasm Seven days before she came to 
the clinic she had submitted to dilation elsew'here, w'hich had been followed by 
feeer and soreness and swelling of the neck At the time the patient came to the 
clinic ad\anced cellulitis of the neck, stridor, dyspnea and cy'anosis were present 
She died the follow'ing day' 

Necropsy re^ealed rupture at the upper end of the esophagus, with multiple 
and extensne communicating retropharA ngeal and pretracheal abscesses Thy- 
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Toidectomy, which had been performed ten years previously, was found to have 
left extensive scars around the trachea and carotid sheaths The examination did 
not reveal anything else of consequence 

Examination of the specimen did not reveal organic constriction of the neck 
of the cardiospasm It extended for about 1 cm above the mucosal junction 
There was a fusiform dilatation that extended to a sac, which was 28 cm long 
but only 54 cm in its greatest circumference The walls of the sac were thick, 
and the mucosa was puckered in the lower portion On the left side of the esopha- 
gus, 12 cm below the cricoid cartilage, was a perforation which measured 1 by 
4 mm There vv'as no evidence of ulceration, kinking, scarring or diverticulum of 
the esophagus 

Microscopic study disclosed that the epithelium was normal throughout, except 
for a few erosions There w'as no ulceration Sections through the edges of the 
perforation demonstrated that the rupture was througn the sound esophagus and 



Fig 6 — A ganglion in the mj'enteric plexus in case 1 (X 255) Ganglion 
cells are absent, and the proliferating cells have taken on an appearance which some 
observers have confused with that of lyrophocjtes At the right is an imperfect 
example of one of the whorls of cells wdiich I have labeled a glomeruloid 


that It had not been preceded by scarring or ulceiation The edges of the perfora- 
tion were the site of a violent pseudomembranous inflammation Diffuse inflam- 
mation, with many polymorphonuclear leukocytes, had spread m the mucosa as 
far as the cardia It had not spread so far in the intermuscular septum, but it 
involved the myenteric plexus Infection had extended a still smaller distance in 
the submucosa and in the adventitia Both muscular lavers were greatly thickened 
throughout the entire length of the sac, and the circular muscle measured 0 5 cm 
in thickness The muscle did not reveal any fibrosis or special band at the cardia 
The density of the elastic tissue was increased in the lower two thirds of the 
esophagus, but it became thin in the upper third Ganglion cells had mostlv^ dis- 
appeared, none were seen in three segments of the cardia, and only two were 
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present m seventeen segments of the sac In the lower part of the esophagus tlie 
ganglions showed proliferation of supporting cells and the formation of glomcr- 
uloids , in the upper part the ganglions were involved in acute inflammation The 
1 agus nen e appeared normal on section 

Case 3 — A woman aged 39 had suffered from increasing difficulty m swallow- 
ing for seventeen years, with regurgitation of undigested food after eating Dila- 
tion of the esophagus was followed at once by colic and evidence of pleuritis on 
the left side The following day 1,200 cc of fluid was aspirated from the left 
pleural cavity Afterward posterior mediastmotomy was performed for rupture 
of the esophagus Two days later subcutaneous emphysema of the neck developed 
The patient died on the seventh day after the operation 

Necropsy re^ealed rupture of the esophagus, widespread mediastimtis, empjenia 
on the left side, collapse of the left lung, recent resection of the ninth and tenth 
ribs on the left side posteriorly and terminal pleuritis at the base of the right 
lung Old healed tuberculous pleuritis and lymphadenitis, cysts of the ovaries, 
polyps of the uterus, papillomas of the bladder, Meckel’s diverticulum and moderate 
arteriosclerosis also were noted The esophagus was dilated The laceration, 
which was 1 5 cm long, was longitudinal in direction and extended upward from 
a point 1 5 cm above the mucosal junction Considerable thickening of the neigh- 
boring diaphragm was noted 

No gross organs could be removed, hence my study was limited to small frag- 
ments of tissue which showed the rupture and thickening of the mucosa of the 
terminal portion of the esophagus Microscopic study showed the epithelium to be 
thickened, with beginning cornification, which was of the mucous membrane tjpe 
No ulceration was present Sections from the borders of the tear in the esophagus 
showed It to be the site of acute pseudomembranous inflammation There was no 
evidence of old ulceration or thinning of the muscular layers at this point The 
infection had extended for some distance in the submucosa The strands of the 
circular muscle, just above the cardia, appeared to be pulled apart and showed 
regions of necrosis without infection As will be demonstrated later, this appear- 
ance of the circular muscle is not infrequently found in cases of cardiospasm after 
dilation There was no fibrosis in the muscular layers, and the elastic tissue 
appeared normal In twenty-three segments of the myenteric plexus, which were 
1 cm in length and from the cardia, a total of thirteen ganglion cells were seen, 
most of them m v'arious stages of degeneration There was an increase in the 
number of nuclei in the supporting cells in the ganglions, and numerous glomer- 
uloids were seen Sections from the vagus nerve were normal 

Case 4 — A youth aged 17 years alwaj's had been regarded as enjoying perfect 
health When his mother was questioned in the light of the postmortem observa- 
tions, however, she related that ever since childhood he had been accustomed to 
regurgitate food after eating The food had come up easily and without retching 
He had learned not to eat too much at a time and to keep a basin beside him 
vhile he ate On Sept 23, 1924, the patient had engaged m football practice until 
6pm He had remained with his companions until 7pm and then had come 
home His parents had found him dead on the floor at 9 p m There had been 
spontaneous evacuation of the bowels and bladder A medicolegal necropsy was 
performed by Dr H E Robertson The esophagus was obsen'ed to be dilated 
and its wall was somewhat hypertrophied There was generalized lymphadenop- 
atln, but none of the Ij^mph nodes was more than 1 cm in diameter Arterio- 
sclerosis was slight The remainder of the examination, including the examination 
of the brain and of the organs of the neck, and toxicologic examination of tbe 
gastric contents, did not reveal anj’thing to explain the cause of death 
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The esophagus was dilated almost the entire distance from the cardia to the 
cricoid cartilage Its size was normal for about 1 5 cm above the juncture with 
the gastric mucosa , then there was gradual dilatation to a maximal circumfer- 
ence of 8 cm at a point 9 cm above the cardia The thickness of both the mucosal 
and the muscular layer w'as increased in the lower part of the esophagus but 
normal above No diverticulum, ulceration or evidence of kinking or twisting 
of the terminal portion of the esophagus was noted No special sphincteric mus- 
cular band or increased prominence of the oblique muscle of the stomach was 
observed 

Microscopic study revealed a general thickening of the epithelium No ulcera- 
tion or inflammation \vas present Both muscular layers were thickened in the 
neck and in the lower part of the sac, the circular muscle had attained a thickness 
of 4 mm In the upper part of the sac the thickness of the muscle was normal 
Some vacuolar degeneration was present in the thickened circular muscle, but there 
was no fibrosis The elastic tissue w^as slightly more prominent than normal 
There was a general loss of ganglion cells m the myenteric plexus , eight segments 
of the cardia and lower and middle portions of the sac revealed a total of only 
three ganglion cells At the upper end of the esophagus two segments revealed 
two and five ganglion cells, respectively The degree of the proliferative changes 
in the ganglions was only moderate No specimen of the vagus nerve could be 
obtained 

Case 5 — A woman aged 66 came to the clinic after she had suffered for eight 
>ears from intermittent attacks of d 3 'sphagia and salivation During the previous 
eighteen months the sjmptoms had become much worse Dilation of the cardia 
was followed at once by substernal discomfort The following day there was 
severe abdominal pain, and the next day auricular fibrillation, pleural effusions on 
both sides, dyspnea and paralysis of the left arm were present The patient died 
on the third day after the operation 

Necropsy revealed that the esophagus had ruptured in the course of dilation 
and that there were consequent mediastmitis, bilateral empyema and purulent peri- 
tonitis of the lesser peritoneal sac Mural thrombi were present in the left 
ventricle, and a diagnosis of multiple cerebral emboli was made on the basis of 
the clinical findings Advanced emaciation, old healed tuberculous pleuritis and 
lymphadenitis, moderate arteriosclerosis, atrophy of the liver and arteriosclerotic 
changes in the kidneys also were noted 

The esophagus was dilated to a fusiform sac, wdiich had a maximal circum- 
ference of 8 cm at a point 11 cm above the cardia The circumference of the 
lower few centimeters of the esophagus was approximately normal Beginning 
0 5 cm above the mucosal junction on the left side of the esophagus, there was a 
longitudinal tear 2 5 cm in length Several large lymph nodes were seen around 
the esophagus No ulceration, diverticulum or evidence of kinking of the terminal 
portion of the esophagus was observed 

Microscopically the epithelium was observed to be thickened near the cardia. 
It was eroded but not ulcerated in the sac The rupture passed through a region 
where the mucosa and muscular layer previously had been normal The edges of 
the rupture were covered with acute pseudomembranous inflammation Violent 
infection and inflammation, with necrosis, hemorrhage and masses of polymorpho- 
nuclear leukocytes, had spread in the submucosa, m the intermuscular septum and 
especially in the adventitia of the esophagus for a long distance as a result of the 
rupture Both muscular layers were thickened in the neck and in the lower por- 
tions of the sac There was no fibrosis of the muscular layer The elastic tissue 
was normal throughout, except that the circular fibers were a little more prominent 
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than normals m the sac Ganglion cells were numerous in the myenteric plexus oi 
the stomach, near the cardia, but there were none m the terminal portion of the 
esophagus and m the sac of the cardiospasm No ganglion cells were seen in 
t\\ent}-fi\e segments of the neck and of the lower and middle portions of the sac 
At the extreme upper end of the esophagus, however, twenty-one ganglion cells 
were seen in five segments There appeared to be little proliferation of the sup- 
porting cells, but the widespread infection in the intermuscular septum follouing 
the rupture made this difficult to judge Sections of the vagus nerve were normal 

CvsE 6 — A girl aged 8 years had begun to have increasing esophageal 
obstruction after whooping cough three years before she was brought to the clinic 
For a year and a half the obstruction had been extreme When she arrived at 
the clinic she was too weak to allow any manipulation, and she died six days later 

Necropsy revealed advanced dilatation and hypertrophy of the esophagus, 
extreme emaciation and terminal bronchopneumonia, with edema of the glottis 

The circumference of the lowest 1 5 cm of the esophagus was about normal 
(2 5 cm ) Above this there was gradual dilatation to a circumference of 7 5 cm at 
a point 7 cm above the cardia The total length of the sac was 16 cm On the left 
anterior surface of the sac there was a scar measuring about 2 5 by 0 3 cm , which 
was longitudinal in direction It extended through all layers of the esophagus and 
involved a lymph node externally Within a few centimeters of the scar were eight 
lenticular ulcers of the mucous membrane, each measuring about 0 5 by 02 cm 
There was no diverticulum or kinking of the esophagus 

Microscopic examination showed a thickening of the epithelium, especially in 
localized islands The ulcers which have been mentioned were subacute or 
chronic They penetrated the muscularis mucosae and rested on the circular 
muscular layer From the bases of each ulcer, strands of lymphocytes and endo- 
thelial cells extended between the muscular bundles to the intermuscular septum 
Traces of the same infectious process were observed throughout the entire 
esophagus, in the submucosa, between the muscular bundles and m the adventitia, 
but especially in and around the ganglions of the myenteric plexus Both muscular 
layers were increased in thickness There was a slight increase in the amount of 
connective tissue in the septum of the circular muscular layer Twenty-five 
segments of the cardia and sac did not reveal any" ganglion cells, these segments 
were 1 cm long Besides the chronic infection (which may" apparently be traced 
to the mventeric plexus from the ulcers of the mucosa), the ganglions were 
enmeshed in much hyaline scar tissue Sections from the vagus nerve appeared 
normal 

Case 7 — A man aged 58 had suffered from dysphagia lor tw'cnty y ears, and 
regurgitation of food and water had occurred for five years Dilation of the 
cardia was accompanied with slight pain and bleeding An hour later he vomited 
blood and complained of severe pain in the abdomen and in the left side of the 
thorax He failed rapidly and died on the second day after the operation 

Necropsy" disclosed that a rupture of the esophagus had been followed by 
hemorrhage and pleurisy in the left pleural cavity The 'eft lung was totally 
collapsed and covered with grayish white exudate Advanced emaciation, old 
healed tuberculous pleuritis and pneumonitis and a small adenoma of the thvroid 
gland also were present 

The esophagus was greatly thickened but moderately dilated, the greatest 
circumference being 5 6 cm at a point 10 8 cm above the cardia The transition 
trom the neck to the sac was gradual Beginning 0 8 cm below the mucosal 
junction with the stomach, there was a longitudinal split which was 3 2 cm long 
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and extended up the esophagus Only the upper centimeter of this tear extended 
entirely through the muscular wall There was no diverticulum, ulceration or 
kmkmg of the esophagus 

Microscopic study showed that the epithelium was moderately thickened 
throughout There was no cormfication or ulceration The rupture did not 
involve an old ulceration or defect in the muscular wall The edges of the tear 
were covered with pseudomembrane Acute infection and hemorrhage had spread 
from the tear a long distance m the adventitia, in the intermuscular septum and 
especially in the submucosa, where the phlegmon had reached the middle portion 
of the esophagus The spread of hemorrhage and infection had stopped abruptly at 
the junction witli the stomach In the neck of the cardiospasm there was patchy 
hemorrhage in the circular muscle There was also necrosis of portions of muscle 
which were involved m the phlegmon An extremely small amount of old fibrosis 
was present in the strands of muscular fibers near the cardia Both muscular 
layers were thickened throughout the entire esophagus, and the circular muscle 
had attained a thickness of 3 5 mm The elastic tissue was about normal every- 
where, although the circular fibers were relatively more prominent in the sac than 
elsewhere Although the ganglion cells were normal in the adjoining stomach, 
they had practically disappeared in the myenteric plexus of the esophagus Only 
three ganglion cells were observed m twenty-three segments of the myenteric plexus 
In the lower half of the esophagus the ganglions were involved in the infection 
which had spread from the rupture , in the upper half the ganglions exhibited much 
proliferation of supporting cells but were not infected Sections of the vagus 
nen^e were normal 

Case 8 — A. man aged 50 had complained of dysphagia and regurgitation, 
with increasing emaciation, for two years He had uremic symptoms when he 
arrived at the clinic A stomach tube was passed, but he became irrational and 
pulled it out He failed rapidly and died a few days later 

Besides the dilatation and hypertrophy of the esophagus, necropsy revealed 
bilateral bronchopneumonia, with a small abscess on the right side, a hemangioma 
of the left vocal cord, an old healed duodenal ulcer cholelithiasis, cholecystitis 
and dilatation of the gallbladder , Meckel’s diverticulum , melanosis coli , advanced 
arteriosclerosis, old healed tuberculosis of the spleen, liver and lungs, and arterio- 
sclerotic renal changes 

Examination of the esophagus revealed that the dilatation began abruptly 
2 cm above the junction of the gastric and the esophageal mucosa The sac, which 
had a circumference of 7 or 8 cm throughout most of its length, extended to the 
cricoid cartilage, which was 26 cm above the cardia The lower part of the sac 
had thick muscular walls while the upper 8 cm of the sac showed thinning of both 
the mucosal and the muscular layer In the lower part of the sac there were 
numerous thickened plaques in the epithelium, which produced a pebbled-leather 
appearance (fig 7) In the lowest 5 cm of the esophagus there was ulceration 
between the islands of epithelial thickening Just above the neck of the cardiospasm 
one such ulcer had penetrated almost to the adventitia There was no diverticulum 
or evidence of kinking or twisting of the esophagus 

Microscopic study showed a general thickening of the esophageal epithelium 
Between the plaques of thickened epithelium in the lower part of the esophagus 
there was acute necrotic and ulcerative inflammation, with many polymorpho- 
nuclear leukocytes, which involved the mucosa and submucosa The muscular 
layer was thickened in the lower portion of the sac There was thinning of the 
circular muscle in the upper part of the sac, with vacuolar degeneration of the 
muscle fibers but no fibrosis Circular elastic fibers were relatively more 
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prominent in the upper part of the sac The ganglion cells generall} had disap 
peared , only two were seen in eight segments of the myenteric plexus Their place 
was taken by some proliferation of the supporting cells No sections of the vagus 
nerve could be obtained 

C^SE 9 — K woman aged 39 had suffered from epigastric pain, vomiting and 
dysphagia for nineteen years She had undergone frequent dilation for cardio- 
spasm from 1914 to 1918 A roentgenogram, which was made in 1918, showed 
both a dilated esophagus and a duodenal ulcer She returned to the clinic and 


Fig 7 — Esophagus (case 8) showing the plaques of epithelial thickening 
mingled with ulceration just above the cardia 


underwent further dilations on Jan 3, 1925, Nov 5, 1925, and March 31, 1926 
The last operation was followed by epigastric pain and bloody emesis The fol- 
lowing day, dulness vvms noted at the base of the lungs, especially on the left side. 
During the next few days five aspirations were performed for empyema of the left 
pleura, and from 300 to 1,000 cc of fluid was removed at each aspiration The 
patient died on April 10, 1926 

Necropsy revealed that rupture of the esophagus had been followed by medi- 
astinitis and empyema on the left side, which had collapsed the lung completely 
There also were fibrinous pleuritis at the base of the right lung, a healed duodenal 
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ulcer, fatty changes in the myocardium and liver, infarcts m the spleen and left 
kidney and gas bubbles and hemolysis in the submucosa of the colon from which 
Clostridium Welchii was isolated 

Examination of the specimen showed that the neck at the cardia, which had a 
circumference of 3 9 cm, was dilated gradualh to a relatively small sac, 16 cm in 
length and 5 5 cm m circumference Beginning 2 cm above the mucosal junction 
and extending upward 5 2 cm was a complete tear through the esophagus In the 
middle of the sac the epithelium w^as dark and lusterless and had the appearance 
of infarction There was no diverticulum, scarring, evidence of a twist or kink or 
hypertrophy of the sphincter or oblique muscle at the cardia 

Microscopically the epithelium showed merely a hjperplastic dow'invard growth 
of the basal layers, except m regions (as around the rupture or in the middle of 
the sac) in which the epithelium was lost m acute esophagitis Sections from the 
borders of the rupture demonstrated that both mucosa and musculature originally 
had been noimal where the tear occurred The edges of the tear were covered 
with pseudomembranous inflammation Abov'e the rupture, in the middle of the 
sac, the layers of the esophagus w'ere completeh"' disorganized The whole w^all 
was a mass of necrotic tissue, hemorrhage and inflammation Even the myenteric 
plexus could not be recognized definitely enough to permit the ganglion cells to 
be counted Outside the infarcted region the muscular layer appeared normal, 
except for a slight increase m the fibrous tissue and circular elastic tissue near 
the cardia Six segments of myenteric plexus from parts of the esophagus 
unaffected by the acute infarction showed onlj one ganglion tell The ganglions 
showed some increase in the number of nuclei of the supporting cells No sections 
of the vagus nerve could be obtained 

Case 10 — A man aged 31 had suffered a sudden onset of epigastric pain and 
regurgitation four years before he came to the clinic The gallbladder and appendix 
had been removed elsewhere, without relief Since that time there had been 
increasing dysphagia, regurgitation and loss of w'eight On his trip to the clinic 
he had become mentall> confused Shortly after his arrival he became acutely 
maniacal Examination w'as impossible He was sent to the state hospital, where 
he died seven days later 

At necropsy a diagnosis was made of dilatation of the esophagus, emaciation, 
toxic psychosis (possibly the result of hunger and dehydration), exhaustion, edema 
and congestion of the brain and old healed tubercdosis of the lungs and lymph 
nodes 

Examination showed that the esophagus, which was normal in size at its 
lower extremity, was dilated gradually to a fusiform sac with a maximal circum- 
ference of 11 cm at a point 10 cm from the cardia The epithelium was generally 
thickened In the lower part of the sac were several small papillomatous protru- 
sions of the mucous membrane, which averaged 2 mm m diameter The muscular 
layer of the esophagus was relatively thin There was no ulceration, diverticulum 
or evidence of a twist or kink m the esophagus or of hypertrophy of the oblique 
muscle 

The epithelium was normal microscopically, except for some thickening One 
section near the cardia, however, passed through the scar of a healed ulcer This 
old ulcer, which was not recognized grossly, had once extended dowm to the 
circular muscle The muscular layer appeared normal and did not exhibit any 
fibrosis The number of circular elastic fibers w^as markedly increased in the 
sac The ganglion cells had mostly disappeared from the myenteric plexus, only 
three cells being seen in fifteen segments The ganglion cells had been replaced 
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by a proliieration of supporting cells, which frequently appeared in the form of 
whorls, which I haie labeled glomeruloids Sections of the vagus nerve appeared 
normal 

Case 11 — A man aged 62 first came to the clinic in 1921, because of stomach 
trouble, w'hich had been present for three years A diagnosis of cardiospasm was 
made and dilation relieved the symptoms He returned frequently between 1923 
and 1929, because of chronic arthritis From Marc^^ 21 to April 25, 1929, several 
casts w'ere applied to his knees for wedging There wms no manipulation of the 
joints, how'CAer On April 29 the patient suddenly fell unconscious in a convulsion 
He revived for a few minutes and then collapsed and died 

Necropsy did not solve satisfactorily the question of the cause of death The 
obser\ations included chronic pulmonary tuberculosis, healed tuberculosis of the 
spleen and liver, chronic arthritis and moderate arteriosclerosis The brain was 
normal 



Fig 8 — Section of the esophagus, X 16, near the cardia (case 11) At the 
extreme upper right is an island of thickened epithelium That this thickness is 
not an artefact resulting from oblique cutting is shown by the fact that the papillae 
are cut m the direction of their axes In the upper center is an esophageal gland 
Below' and to the right of it the muscular wall of +he esophagus consists of longi- 
tudinal fibers only , the circular muscle apparently has been ruptured in the course 
of operatne dilation 

The lowest 4 cm of the esophagus, which constituted the neck of the dilated 
esophagus, was of normal size Above this was a sac which was dilated to a 
circumference of 8 5 cm The mucosa presented numerous islands of thickened 
epithelium Tw'elve centimeters from the cardia was a diverticulum 0 6 cm deep 
and 1 6 cm across its mouth There was no scarred lymph node attached to the 
fundus of the diverticulum On the outer surface of the sac was one strand of 
longitudinal muscle which was greatly thickened 

Microscopically the epithelium showed numerous islands of thickening and 
elongated papillae (fig 8) Occasional polymorphonuclear leukocytes were seen 
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in the thickened ejnthelium There was no ulceration At the cardia and in the 
neck of the cardiospasm the circular muscle had the appearance of having been 
pulled apart It was atrophic, the strands were separated, and some sections did 
not reveal any circular muscle at all I have mentioned this as a late appearance 
following successful dilation In the sac the muscular layers were generally 
normal, except that the thickened strand of longitudinal muscle, which was men- 
tioned m the gross description, disclosed considerable vacuolar degeneration of 
the muscle cells Special staining revealed that the vacuoles did not contain fat 
In the walls of the sac the capillaries and small veins were greatly dilated The 
amount of circular elastic tissue was relatively increased m the sac The diver- 
ticulum had the appearance of a herniation of the mucosa through the muscular 
wall of the esophagus The muscularis mucosae was normal throughout the 
diverticulum, but the circular muscle was thinned almost to extinction, and the 
strands of the longitudinal muscle were pushed to the sides Ganglion cells gen- 
erally had disappeared throughout the esophagus , only seven were seen in sixteen 
measured segments of the myenteric plexus There was little proliferative reac- 
tion in the ganglions Sections of the vagus nerve were normal 

Case 12 — A woman aged 60 had complained of "gas on the stomach” for two 
years For seven months before she came to the clinic there had been progressive 
dysphagia Administration of belladonna had given transient relief, but the patient 
had lost 25 pounds (11 3 Kg ) When she came to the clinic she was pale, weak 
and emaciated She was told to swallow thread for a guide for dilation At noon 
on the first day she became dyspneic after eating A few physical signs were 
discovered over the lower lobe of the left lung Despite oxygen therapy, she died 
the same evening (Nov 8, 1932) 

Necropsy revealed edema of the lungs and a limited beginning pneumonia. 
There was a pedunculated lipoma on the outside of the stomach, near the cardia 
A mucocele of the appendix, one gallstone, granular cystitis, moderate arterio- 
sclerosis and healed pulmonary tuberculosis were also present 

A specimen of the esophagus showed more dilatation and more thinning of the 
wall than were present in any case that I previously had studied (fig 9) The 
neck, or undilated portion, of the esophagus extended upward 1 5 cm from 
the mucosal junction with the stomach Above this was a sac which measured 
25 cm m length and 16 cm in its greatest circumference The thinning of the 
wall involved both the muscular and the mucosal layer A few varicose veins 
were seen m the submucosa There was no diverticulum or ulceration or any evi- 
dence of a thickened sphincter, hypertrophied oblique muscle or kink in the 
esophagus at the cardia The stomach likewise was considerably dilated 

Microscopic examination showed that the epithelium was generally thinned, 
except for a few islands of localized thickening at the cardia No ulceration was 
present The muscular layers were thinned throughout but more so in the sac 
than in the neck of the cardiospasm There was a slight increase in the amount 
of circular elastic fibers in the neck, but a general thinning of all elastic fibers 
was noted m the sac The number of ganglion cells m the myenteric plexus was 
reduced, only twelve cells were seen in twelve measured segments The com- 
plete vagus plexus, which was examined with many sections and stains, was 
entirely normal 

Case 13 — A man aged 69 died at the dime with uremic symptoms on May 
22, 1934 At no time had he complained of dysphagia When his wife was ques- 
tioned in the light of the postmortem observations, however, she recalled that 
m his youth the patient had suffered great difficulty m swallowing He had'' 
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\omited with great ease and had found it necessari to sleep with a towel on 
his pillow and a rug beside his bed on account of regurgitation at night These 
symptoms had not troubled him for manj jears 

Besides the dilated esophagus, necropsy revealed carcinoma of the bladder, 
w'hich had metastasized to the ureters, liver, lung and lymph nodes , pyelonephritis 
chronic tuberculosis of the hilus, lymph nodes and spleen, and hypertropin of 
the heart 

The relationship between the cardia and the diaphragm was examined in situ 
and It was observed that there was room in the esophageal hiatus to slip two fingers 



F*g 9 — The esophagus and stomach (case 12) before being opened 

between the esophagus and diaphragm A plaster cast was made of the stomach 
and esophagus before these organs w'ere opened The cast was not absolutel> 
continuous between the two organs because the lower end of the cardia was 
partiallj' occluded by a wmd of vegetable fibers The esophagus was not only 
greatly dilated but also somewhat stretched lengthwise As a consequence, there 
was some bending of the esophagus, but obviously there was not enough kinking 
to produce obstruction, as the cast demonstrated Beginning at the cardia, a neck, 
or undilated portion of the esophagus, extended upwmrd for a distance of 4 S cm 
In this portion the muscular walls were thick, and the mucosa was folded longitu- 
d-inally The esophagus then curved to the right and gradually widened into a sac 
which was 14 cm long and 16 cm in circumference The mucosal and muscular 
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walls of the sac were thinned The epithelium presented numerous ulcers, which 
were 1 or 2 mm in diameter About 2 5 cm above the upper end of the neck 
was a diverticulum 0 7 cm in depth Its mouth measured 0 6 cm m its vertical 
and 1 S cm in its horizontal diameter At the upper end of the sac, opposite the 



Fig 10— A, the epithelium of the esophagus (case 13) showing pathologic 
cornification, X 115 B, a diverticulum of the esophagus (case 13, X 10) On 
the right may be seen the strands of circular and longitudinal muscle, apparently 
pushed aside by the pouch, which is lined only with muscularis mucosae 

bifurcation of the trachea, was another undilated portion of the esophagus, which 
had thick muscular walls I shall speak of it as the upper neck It curved to 
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the left and had a length of 4 cm and a circumference, when oi>ened, of 7 cm 
\bove this was another thin-walled sac, which reached to the cricoid cartilage 
It was 7 5 cm long and 10 5 cm in circumference 

Microscopically the epithelium was thickened throughout Near the cardia 
it was somewhat edematous, and above this point it presented beginnmg cornifica- 
tion of the mucous membrane type (fig 10^) In the lower neck the muscular 
layers were much thickened but otherwise were normal and free from fibrosis 
In the lower sac there was not only much thinning but also extensive fibrosis of 
the muscle In the upper neck the muscle was normal, but much thickened, the 
circular muscle had a thickness of 6 mm In the upper sac the muscular layers 
were thin but otherwise normal Here, the muscle fibers were largely striated 
The elastic fibers were relatively increased in number in the upper and lower 
necks and at the sites of fibrosis In the latter situations circular fibers pre- 
dominated The wall of the diverticulum resembled that in the eleventh case, in 
that the longitudinal fibers appeared to be pushed apart, the circular fibers were 
thinned to extinction and only the muscularis mucosae was present in the fundus 
of the diverticulum (fig 10 B) Ganglion cells had disappeared throughout the , 
esophagus, no cells were seen in nineteen measured segments of the myenteric 
plexus Practically no proliferative changes were evident in the ganglions Sections 
of the vagus nerve were normal 

COMMENT 

The details of the clinical findings in these cases are shown m 
table 2 The conclusions which may be drawn fiom them have no small 
importance 

In all cases the dilated portion of the esophagus, or sac, was 
separated from the stomach by an undilated segment of esophagus, 
which I have labeled the neck The neck varied in length between 1 5 
and 4 5 cm In no case was there organic narrowing of the neck or 
scan mg in or around it Accordingly, one may lay the ghost of 
Mosher’s “fibrosis of the terminal esophagus ” In no case was there 
evidence of a thickened sphincter or of a hypertrophic oblique muscle 
of the stomach “Kinking of the terminal esophagus” was certainly 
absent in all cases of early moderate dilatation Kinking of the 
esophagus can evidently occur only in cases of very old cardiospasm 
in which there has been lengthening as well as dilatation of the 
esophagus Accordingly, it probably can be eliminated as an etiologic 
factor No evidence could be found for compression of the esophagus 
by spasm of the diaphragm The absence of hepatomegaly and of any 
pathologic condition m the liver in this and other series of cases of 
cardiospasm speaks strongly against “pressure of the liver tunnel” as a 
cause of the dysphagia Finally, the theory which invokes “the pres- 
sure of the lung tips” can be eliminated by an appeal to simple physics— 
the lungs are elastic and do not press against but tend to pull away 
from the parieties 

In ten of the thirteen cases in Avhich adequate sections could be 
obtained the vagus nen^e was entirely normal In every case, however, 
there was a striking loss or complete absence of ganglion cells from the 



LEN DRUM— CARDIAC ORIFICE OF STOMACH 


509 


tnyentenc plexus Only seventy-four cells were seen in a total of 233 
segments of the myenteric plexus, which were 1 cm in length This 
loss was frequently accompanied with a proliferation of the supporting 
cells of the ganglions Sometimes there was a picture which I have 
intei preted as a mass of new proliferative suppoitmg cells filling the 
old capsule of an extinct ganglion cell I have teinied this appearance 
a glomeruloid Sometimes there was actual inflammation in and about 
the ganglions In some cases theie was nothing to be seen except 
simple absence of ganglion cells from the ganglions 

Table 2 — Data jo> Tlwteen Cases of Caidwspasm 


Case 

Sex 

Age, 

"Years 

Dura 
tlon of 
Symp 
toms, 
"Years 

Opera- 

tive 

Dila 

tlOQ 

Eupture 

of 

Esoph- 

agus 

Cause of 
Death 

Diver Maximal Thick- 

ticulum Circumference ness 

of of Sac of 

Esoph Feptic (Fixed), Muscle 
agus Ulcer Cm m Sac 

1 

M 

53 

5 

+ 

0 

Unlcnown 

(cardiac?) 

0 

Gastric 

s 

Normal 

2 

F 

29 

2 

+ 

+ 

Cellulitis 
of neck 

0 

0 

5 4 

Increased 

3 

P 

39 

17 

+ 

+ 

Empyema 
on left 

0 

0 

? 

Increased 

4 

M 

17 

11+ 

0 

0 

Unknown 

0 

0 

S 

Increased 

5 

F 

66 

8 

+ 

+ 

Bilateral 

empyema 

0 

0 

S 

Increased 

6 

F 

8 

3 

0 

0 

Inanition 

0 

0 

7 5 

Increased 

r 

M 

58 

20 

+ 

+ 

Empyema 
on left 

0 

0 

5 6 

Increased 

s 

M 

50 

2 

0 

0 

Inanition 
and pneu 
monia 

0 

Healed 

duodenal 

ulcer 

7 3 

Increased 

9 

F 

39 

19 

+ 


Empyema 
on left 

0 

Healed 

duodenal 

ulcer 

6 3 

Decreased 

10 

M 

31 

4 

0 

0 

Toxic 

psychosis 

0 

0 

9 

Normal 

11 

M 

62 

11 

+ 

0 

Unknown 

j- 

0 

S6 

Irregular 

12 

F 

60 

2 

0 

0 

Unknown 
(edema of 
lungs?) 

0 

0 

10 

Decreased 

13 

M 

69 

30+ 

0 

0 

Carcinoma 
of bladder 

- 

0 

16 

Decreased 


In may be argued that the loss of ganglion cells is secondaiy to 
pressure in the dilated sac It is to be pointed out, however, that the 
loss of ganglion cells is equally great in the undilated neck at the caidia 
Furthermore, it should be pointed out that m most of these cases the 
circumference of the sac was only about twice the circumference of 
the normal esophagus Accordingly, the inci eased mean distance 
between ganglion cells can account for a reduction of only about 50 per 
cent in the number of cells in the sac 
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i\I} results are compatible with the theory of Hurst, namely, that 
cardiospasm or achalasia of the cardia, is primarily a disease of the 
m\enteric plexus Huist expiessed the opinion that with the destruc- 
tion of the m} enteric plexus the sympathetic fibeis to the terminal por- 
tion of the esophagus are allowed to act unopposed As a lesult, the 
terminal portion of the esophagus does not relax normally with the 
swallowing reflex, and dysphagia lesults 

The varying anatomic pictuies m these thirteen cases can best be 
explained b} intioducing the conception of “compensated” and “decom- 
pensated” caidiospasm In early and model ate caidiospasm the eso- 
phagus responds to the obstiuction m a characteristic fashion It 
dilates only slightly Instead, the muscular walls, and especially the 
circular muscle, aie greatly thickened The thickness of the circular 
elastic fibers also is relatively increased in response to the increased 
pressure within the esophagus The epithelium also is thickened uni- 
formly but does not become ulcerated Case 2 fuinishes an excellent 
example of such a compensated cardiospasm 

If the long-continued and ser^ere piessuie from within, however, 
overcomes the resistance of the esophagus to dilatation, certain other 
changes occur The esophagus becomes prodigiously dilated and also 
stretched lengthwise, so that bends and kinks may occui The muscle, 
instead of being thickei than noimal, is thinned The muscular fibers 
in the sac ma} show vacuolar changes or even extensive fibrosis (case 
13) Also, the elastic tissue of the esophagus is thinned out There may 
be dilatation of the capillary venules as a result of obstruction to the 
venous return The mucosa may herniate through the muscular wall in 
the form of a dn'eiticulum (cases 11 and 13) The epithelium may 
shov beginning coinification oi plaques of great thickening or ulcera- 
tion In case 13 is presented a typical picture of decompensated cardio- 
spasm Most of the anatomic features in these thirteen cases can be 
regarded as representing various stages of compensation The chroni- 
cally infected esophagus in case 6 and the completely atonic esophagus 
in case 12 are somewhat atypical but may fit into the same scheme 
It IS now necessary'’ to consider the effect of operative dilation on 
the cardia In most of these cases ruptuie of the esophagus complicated 
the picture In case 11, how'evei, operative dilation of the cardia, years 
previously pioduced complete relief of sy'mptoms In this case the 
fibers of the circular muscle in the neck of the car diospasm were pulled 
apart in a vay that points to an old submucous rupture of the circular 
muscle This same frayed appearance of the circular muscle was 
present aftei lecent dilation in case 3 

71 Hurst, A F (o) The Treatment of Achalasia of the Cardia (So-Called 
“Cardiospasm”) Lancet 1 618-619 (March 19) 1927, {h) Some Disorders of the 
Esophagus, 'i A M \ 102 582-587 (Feb 24) 1934 
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In case a rupture thiough the wall of the esophagus is produced by 
operation, ceitain characteristic observations are made In case 2, in 
which dilation was pei formed elsewheie, the esophagus had been punc- 
tured high in the cervical legioii, appaieiitly with some pointed instiu- 
ment Cases 3, 5, 7 and 9, howevei, m which the lupture followed the 
use of the Plummei dilatoi, weie markedly similar The tear was 
always longitudinal It was always thi ough a normal mucous membrane 
and musculai wall In three cases it produced only empyema on the 
left side, and in the one case, in which bilateral empyema was produced, 
the ruptuie was on the left side of the esophagus The tear was either 
entirely above the junctuie with the mucous membiane of the stomach 
(in thiee cases) or almost entirely above the juncture (in one case) 
The rupture was always followed by a rapidly spreading inflammatory 
reaction of gieat violence 

One more point remains to be considered In cases 1, 4, 11 and 12 
death occurred suddenly and could not be explained satisfactoiily by the 
postmortem observations I should not care to defend the thesis that 
the sac m a case of caidiospasm may exert such pressure on the 
mediastinal structures as to be the cause of sudden death, yet this 
possibility IS worthy of consideration 
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By Dr Wilbur 

Although the symptomatic and, to some extent, the pathologic results 
which accompany states of maiked deprivation of vitamins have been 
largely described, great interest has been shown in the past year in the 
early alterations in normal physiologic processes which occtii before 
these gross pathologic changes have become manifest In fact, chief 
interest in the field of nutrition is at present directed toward studies of 
the metabolic influences of the various vitamins Of particulai interest 
to clinicians have been methods of recognition and treatment of states 
of moderate and mild vitamin deficiency, the effect of abnormalities in 
gastro-intestinal function m the pioduction oi conditioning of disease 
due to vitamin deficiency, studies of the metabolism of vitamin C and, 
lastly, studies of the physiologic properties of the vitamin B complex, 
elucidation of the components of which has advanced steadily 

VITAMIN A 

The daily lequiiement of vitamin A is still unknown Indeed, it 
piobably will be many yeais befoie the requirement of vitamin A or 
of any of the other vitamins can be clearly established The difficulty 
111 expressing in exact figures the requirement of any vitamin is lealized 
when one consideis the influences of absorption, storage and destruction 
and the variability in minimal and optimal requirement Pei haps eveiitu- 
all}’^ the quantitative requirement will be stated, as it now is for protein, 
to he between certain minimal and optimal levels This tendency has 
already received expression in the leport of a cooperative committee 
appointed b}' the Council on Pharmacy and Chemistiy and the Committee 
(now Council) on Foods,^ both of the American Medical Association 

From the Division of Medicine, the Ma 3'0 Clinic 

The section on “Diseases of Metabolism” i\as published in the Februan 
issue of this journal 

1 The Status of Certain Questions Concerning' Vitamins, report pf the Council 
on Pharmaci and Chemistrj, JAMA 106 1732-1735 (Mav 16) 1936 
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This committee has recommended for approval for lay advertising any 
cod liver oil or preparation containing vitamin A if the prescribed daily 
dose provides at least 6,250 and not more than 10,000 U S P units of 
vitamin A This is the vitamin content provided by 2 teaspoonfuls 
of cod livei oil, which meets the standard given in ''New and Non- 
official Remedies” (1936) The committee noted a lack of data on the 
basis of which to determine the dose of vitamin A for adults, although 
Harris ~ placed the minimal requirement at about 1,000 U S P units 
daily The requiiement of children per kilogram of body weight is 
greater than that of adults, because of the piocesses of growth 

By healthy subjects vitamin A and its precursor, the yellow pig- 
ment carotene, are absoibed without difficulty Evidence gradually has 
accumulated to show that absorption of vitamin A and carotene may be 
influenced by a variety of pathologic and perhaps physiologic processes 
and that undei many circumstances the absorption of carotene is more 
often interfered with than is that of the vitamin itself It has been 
suggested that whenever inteiference with the digestion or absorption 
of fat occuis, theie may be failure in absorption of vitamin A or 
carotene In this respect interesting studies have been repoited in the 
past 5 ^ear on the role of bile m the utilization of vitamin A The indis- 
pensability of bile in absorption of lipids and the fat-soluble chaiacter 
of the vitamin suggest that, in the absence of bile, there might be seiious 
interference with absorption of vitamin A However, studies of Schmidt 
and his associates ® have indicated that absorption of vitamin A of cod 
liver oil from the gastro-mtestinal tract of the rat does occur in the 
absence of bile, as indicated by studies of vaginal smeais as a criterion 
of deficiency In contiast, it was found that the lat suffering from 
deficiency of vitamin A did not lespond to oral administiation of alpha 
carotene and beta carotene in the absence of bile Response occurred, 
however, when the carotene was adniimsteied subcutaneously by injec- 
tion or when it was admmisteied orally, together with bile acids In a 
somenhat related study Altschule^ recorded his obseivations of 11 
infants m whom the bile duct was obseived post mortem to be con- 
genitally atretic All the infants had leceived an adequate diet and had 
failed to present clinical evidence of vitamin A deficiency However, 
m tissues of 6 of the 11 were microscopic changes similar to those 

2 Hams, L J A Programme for Nutrition Surveys, Lancet 1 966-968 
(April 25) 1936 

3 Greaves, J D , and Schmidt, C L A On the Absorption and Utilization 
of Carotene and Vitamin A in Choledochocolonostomized Vitamin A Deficient 
Rats, Am J Physiol 111 492-501 (April) 1935 Schmidt, W , and Schmidt, 
C L A The Relation of Bile to the Intestinal Absorption of Vitamin A in 
the Rat, Univ California Publ , Physiol 7 211-221, 1930 

4 Altschule, M D Vitamin A Deficiency m Spite of Adequate Diet in 
Congenital Atresia of the Bile Ducts and Jaundice, Arch Path 20 845-856 
(Dec) 1935 
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Wolbach and Howe ^ have described in vitamin A deficiency Altscliule 
said he considered this as evidence that vitamin A had not been absorbed 
m adequate amounts because of the absence of bile Consideration must 
also be given m this connection to the i elation of the damaged liver to 
storage and metabolism of vitamin A 

That infections may influence intestinal function, and particiilarh 
absorption, has long been lecognized He}mann’s® inteiesting studies 
disclosed that 70 per cent of ingested caiotene was absoibed by normal 
infants, whereas if the infants harboied infection of any type, onl} 
36 pel cent wms absoibed He)'mann expressed the belief that lov 
absorption is not attiibutable to fever only, since the eftect persisted 
foi twm weeks beyond the duration of the fevei Heymann could find 
no evidence that it ivas attiibutable to inhibition of absorption of fat 
and asciibed it to an unknown toxic effect In the piesence of celiac 
disease, m which absoiption of fat is gieatly mteifered with, vitamin 
A deficiency has heen reported by Fridenchsen," even though vitamin A 
wms given m sweet milk When the infant under his observation was 
given mother’s milk, immediate impiovement resulted Heymann also 
has studied a patient with celiac disease who showmd complete lack of 
absorption of vitamin A Evidence which is interpreted as indicating 
interference with absoiption of vitamin A m pregnancy has been reported 
by Edmund and Clemmesen ® Thirteen of 20 piegnant women pre- 
sented night blindness which wms relieved m from seven to ten minutes 
by intramusculai injection of a preparation containing 15,000 U S P 
units of vitamin A m each cubic centimetei 

Further evidence of the importance of the liver m metabolism of 
vitamin A is demonstrated by the studies of Heymann ° and of Ralli, 
Pariente, Brandaleone and Davidson Heymann repoited that after 
cessation of administration of caiotene m oil, diabetic patients failed 

5 Wolbach, S B , and Howe, P R Tissue Changes Following Deprivation 
of Fat-Soluble A Vitamin, J Exper Med 42 753-777 (Dec ) 1925 

6 Heymann, W Absorption of Carotene, Am T Dis Child 51 273-283 
(Feb) 1936 

7 Fridenchsen, C Quantitative Investigations of the Resorption of A 
Vitamin m a Case of Coehakie Studies of Hvpovitaminosis-A, Acta psediat 18 
377-391, 1936 

8 Edmund, C, and Clemmesen, S On Parenteral A Vitamin Treatment of 
Dysaptatio (Nyctalo-Hemeralopia) m Some Pregnant Women, Acta med 
Scardinav 89 69-92, 1936 

9 Heymann, Walter Carotenemia in Diabetes, J A 1^1 A 106 2050 
2052 (June 13) 1936 

10 Ralli, Elaine P , Pariente, A C , Brandaleone, H , and Davidson, S 
Effects of Carotene and Vitamin A on Patients with Diabetes Mellitus lH 
The Effect of the Daih Administration of Carotene on the Blood Carotene of 
Normal and Diabetic Indniduals JAMA 106 1975-1978 (June 6) 1936 
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to show the normal decline in the carotene content of the seiuni, the 
concentration lemamed elevated or even increased for from ten to 
fourteen days after administration had been discontinued Ralh and 
his associates reported that the ability of the liver of diabetic patients 
to convert carotene to vitamin A is diminished and that this leads to 
increased concentration of caiotene in the liver, which in turn inter- 
feres with the absorption of carotene from the blood The evidence 
indicates that the carotenemia of diabetic patients is not attiibutable 
solely to the large carotene content of the diet 

It has long been recognized that vitamin A deficiency is manifested 
chiefly by an effect on epithelial tissues It was suggested by Mellanby 
m 1934 that the primal y effect of vitamin A deficiency is on nerve 
tissues and that the epithelial changes may be secondaiy, attiibutable 
to interference with oi loss of trophic influences Although certain 
changes in the nervous system of animals deprived of vitamin A have 
been described, such as those recentl}^ described b}^ Zimmerman and 
Cowgill,^- the conception of Mellanby remains unpro\ed In an attempt 
to support this hypothesis by expeiimental means, Kmg^® cut the 
inferior dental nerves of dogs This accelerated the late of grovth of 
the teeth but failed to pioduce defects such as those observed in the 
teeth and gums of dogs suffering from vitamin A deficiency That 
the results he obtained were attributable to damage of the vasomotor 
fibers IS indicated, since the changes observed were lepioduced by 
section of the cervical sympathetic nerve 

Further attempts to find practical value in the i elation of Mtamm A 
to epithelial tissues have led to the use of the vitamin to aid m the 
healing of wounds and in the tieatment of epithelial lesions Most 
of the reports of this work have appeared m the foieign hteiature 
Proto and Sandor have reported favorable results Proto stated 
that m experimental wounds of rabbits local applications of vitamin A 
greatly and favorably influenced healing Concerning the tieatment in 
man of large superficial wounds oi of areas from which skin had been 
excised, Sandor reported favorably on the effect of an ointment or oil 

11 Mellanby, E Xerophthalmia, Trigeminal Degeneration and Vitamin A 
Deficiency, J Path & Bact 38 391-407 (May) 1934 

12 Zimmerman, H M , and Cowgill, G R Lesions of the Nervous System m 
Vitamin Deficiency IV The Effect of Carotene in the Treatment of Nervous 
Disorders in Rats Fed a Diet Low in Vitamin A, J Nutrition 11 411-423 (Mav) 
1936 

13 King, J D Dietary Deficiency, Nerve Lesions and the Dental Tissues 
J Physiol 88 62-76 (Oct) 1936 

14 Proto, M Action of Vitamins on Healing of Wounds, Ann ital di 
chir 15 1-174 (Jan -Feb ) 1936 , abstr , J A M A 107 627 (Aug 22) 1936 

15 Sandor, Stephan Vitamin A in the Local Treatment of Wounds Lancet 
2 738-740 (Sept 26) 1936 
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containing 2 000 U S P units of vitamin A in each cubic centimeter. 
Of considerable inteiest is the report of Lustig and WachteP® on 
expel iments uith \itamin A in treatment of cutaneous epitheliomas and 
mammar} carcinomas Aftei using a preparation containing 40^000 
biologic units of vitamin A m each cubic centimeter applied as com- 
presses and iniection subcutaneously along with a colloidal copper 
preparation these investigators reported that the involved area became 
smaller New epithelium grew in fiom the peripheiy, and the bases 
of the ulcers became cleai No effect was noted on distant metastatic 
growths ^Yhlle Lustig and Wachtel admitted that the tieatment was 
palliatne since cures had not occurred, nevertheless they said they 
w'ere inclined to continue their study and felt that perhaps the use of 
Mtamin A would piove an adjuvant in the tieatment of the lesions, 
Failuie of massive doses of carotene in oil administered to rats to 
influence implanted sarcomatous tumors has been repoited by Sure, 
Buchanan and Tliatchei 

The 1 elation of vitamin A to gemto-unnary function has received 
further stud} in the past }eai Higgins^® has continued his studies on 
urinar} calculi associated wuth vitamin A deficiency He reported 35 
cases in which stones had undeigone solution and stated that in his 
experience since 1932 the incidence of recurring stones following opera- 
tion has been reduced fioni 164 to 4 7 pei cent Lazarus and Rosen- 
thal,^® however, liaie failed to be convinced of the efficacy of the high 
Mtamin acid ash diet, eithei as a means of dissolving stones oi as an 
absolutely certain means ot pi eventing recurrences They weie unable 
to explain then failure to leproduce Higgins’ results, although failure to 
tieat patients o\er a sufficiently long period of time may have been a 
factoi In this connection the leport of the cooperative committee,’- 
previousl} noted, is of mteiest foi it is stated that “there is at the 
present time inadequate evidence to warrant the claim that the inges- 
tion of sufficient vitamin A will jn event the formation of renal calculi 
in man ” 


16 Lustig, B , and Wachtcl, H rhcrapeutic Experiments wnth Vitamin A 
in Cancer, Ztschr f Krebstorsdi 45 53-58, 1936, abstr, J A M A 107 
1261 (Oct 10) 1936 

17 Sure, B Buchanan, K S , and Thatcher, H S Vitamin A and Car- 
cinogenesis -A.m J Cancer 27 84-86 (Ma>) 1936 

18 Higgins, C C Urinarj Lithiasis Experimental Production and Solu- 
tion with Clinical Application and End-Results, J Urol 36 168-177 (Aug) 
1936 

19 Lazarus, T V , and Rosenthal, A A Renal Lithiasis — A Resume of 
Its Present Status and a Preliminary Report on the Vitamin “A” Acid Ash Diet 
Based upon One Hundred and TivenL-One Prnate Cases, Urol & Cutan Rev 
40 1-8 (Tan) 1936 
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The effect of deprivation of vitamin A on the vaginal mucosa has 
long been recognized, and the effect on the vaginal mucosa of the rat 
has been used as a measure of vitamin A sufficiency oi insufficiency 
Coward, Cambden and Lee have repoited that as a means of quan- 
titative estimation of vitamin A, the method appears to be somewhat 
less accurate than determination of increase m weight in three weeks 
of female rats which have been given daily doses of vitamin A after 
they have ceased to grow on a diet deficient in that factor Simpson 
and Mason have studied the relation of senile vaginitis in human 
beings to vitamin A deficiency In 30 cases, in many of which the sub- 
jects had been receiving an inadequate diet, an increased oral intake of 
vitamin A, m cod liver oil or halibut liver oil, pioved to be an unusually 
effective method of producing rapid relief of symptoms and of gross 
and histologic repair of the vaginal lining 

The relation of vitamin A to resistance to infection has long been 
a matter of debate The vitamin has certainly not been shown to be 
specific in the prevention of colds, influenza and such infections nor 
has it been demonstrated that ingestion of vitamin A m amounts far in 
excess of those readily obtained from a properly selected diet is an aid 
in preventing infections Mackay and her associates -- have contributed 
an interesting but not conclusive study in this respect on the therapeutic 
value of vitamins A and D in measles In a group of 697 children less 
than 13 years of age these investigators failed to find any favorable 
effect on 'the fatalit}'^ rate or on the incidence of pneumonia, otorrhea 
and all other complications, including cutaneous lesions while the 
patients were in the hospital Moreover, the duration of pyrexia or 
length of stay in the hospital was not affected To children of one 
group was given 3,000 U S P units of vitamin D dail}, to those of 
another group this dose of vitamin D plus the vitamin A equivalent 
of 22 5 cc of cod liver oil daily and to those of a third group no vitamin 
supplements The negative results may have been attributable to the 
short time of administration of the vitamins or to the fact that treat- 
ment was started too late (81 per cent about the fourth da} or later in 
the disease) 

Recognition and Fiequency of States of Vitamin A Deficiency — 
Recognition of states of marked deprivation of vitamin A is not difficult 

20 Coward, Katharine H , Cambden, Marjorie R, and Lee, Eva M The 
Determination of Vitamin A by Means of Its Influence on the Vaginal Contents 
of the Rat, Biochem J 29 2736-2741, 1935 

21 Simpson, J W , and Mason, K E A New Concept of Senile Vaginitis 
Am J Obst & Gynec 32 125-128 (July) 1936 

22 Mackay, Helen M M , Linford, Hilda M , Mitman, Maurice, and Wild, 
Marv H The Therapeutic Value of Vitamins A and D in Measles Arch Dis 
Childhood 11 127-142 (June) 1936 
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if one keeps in mind lesions involving the eyes and the skin Excellent 
summaries of the manifestations of vitamin A deficiency have been, 
made b} Sweet and K"ang == and by Loewenthal It seems obvious 
that these conditions of marked deficiency aie rare in the United States, 
and consequently most attention has been directed toward the much 
more important problems of the means of recognizing states of mild 
deficiency In this connection the work of Jeans and Zentmire,-® first 
reported m 1934, has been outstanding, and further confirmation of the 
value of then photometric method of recording impaired visual adapta- 
bility to darkness has been reported by them as well as by Frandsen,-® 
in Denmark This or some similar simple method seems to be of mucK 
value in clinical work, although as yet the limitations of such methods 
as tests of vitamin A deficiency have not been determined 

Youmans,-' in an excellent summary of methods of recognizing 
vitamin deficiencies in practice, has emphasized the types of ocular and 
cutaneous symptoms, signs and tests which may be of value in states 
of vitamin A deficiency Ocular symptoms, including asthenopia, poor 
vision, photophobia, Bitot’s spots, conjunctival complaints, dryness and 
granular appearance of the bulbar conjunctiva when the eyelids are 
held open for a few minutes, are all signs that arouse suspicion but 
are inconclusive Smears of conjunctival or nasal scrapings containing 
keratotic cells have been described by Blackfan and Wolbach,^® and 
Sweet and Klang ha've given further objective evidence Further con- 
firmation lies in the use of some test, such as the test of adaptability to 
darkness, of Jeans and Zentmire Fndenchsen has described a method 
which may overcome some of the objections to the test of Jeans and 
Zentmire This depends entiiely on objective changes, the observer 
measures the faintest light which will provoke an oculomotor reflex 
Cutaneous evidence of vitamin A deficiency, well described by Frazier 

23 Sweet, L K , and K’ang, H J Clinical and Anatomic Studj' of 
Avitaminosis 4. Among the Chinese, Am J Dis Child 50 699-734 ( Sept ) 
1935 

24 Lowenthal, L J A The Manifestations of Vitamin A Deficiency in 
Man, Ann Trop Med 29 407-413 (Dec 18) 1935 

25 Jeans, P C , and Zentmire, Zelma A Clinical Method for Determining 
Moderate Degrees of Vitamin A Deficiency, JAMA 102 892-894 (March 
24) 1934 

26 Frandsen, Helga Hemeralopia as an Early Criterion of A-Avitaminosis 
and Clinical Symptoms and Treatment of This Disease, Acta ophth , supp 4, 
1935, p 7-160 

27 Youmans, J B The Present Status of Vitamin Deficiencies in Practice, 
JAMA 108 15-20 (Jan 2) 1937 

28 Blackfan, K D, and Wolbach, S B Vitamin A Deficiency in Infants^ 
A Clinical and Pathological Study, J Pediat 3 679-706 (Nov ) 1933 



WILDER-WILB XJR—N U TRI TION 


519 


and Hu-® and by Loeuenthal,®® consists of a fairly characteristic kera- 
totic papular lesion of vaiying size occurring especially on the thighs 
and extensor surfaces of the arms and legs It is more common among 
adults than childien and involves piincipally pilosebaceous follicles 
A somewhat similar lesion, occurring in the presence of vitamin C defi- 
ciency, has been reported by Scheer and Keil 

The presence of one or more of the foiegomg signs might constitute 
good presumptive evidence of vitamin A deficiency, and this presump- 
tion would be greatly strengthened by the disappearance of the noted 
symptoms and signs following administration of pure vitamin A How- 
evei, the theiapeutic test does not as yet constitute pi oof, for this, 
quantitative objective data will be requiied 

Because of the variability, and in some instances umehabihty of 
methods of determining mild states of vitamin A deficiency, the fre- 
quency of such deficiency states is not clearly established As a result 
of their studies, Jeans and Zentmire offeied evidence that m Iowa 
26 per cent of a group of rural school children and 53 per cent of a 
group of village school childien weie deficient m vitamin A, m a group 
of urban children the proportion for the higher economic level was 56 
per cent, for a middle level 63 pei cent and for a low economic level 
79 per cent Park,®® using the same method, tested 275 patients with a 
wide variety of diseases and found many with evidences of vitamin A 
deficiency Fraiidsen observed slight hemeralopia in 46 of 65 appar- 
entl}'- healthy school children in Copenhagen 

VITAMIN B COMPLEX 

Theie is ample chemical and physiologic evidence to indicate that 
the original water-soluble vitamin B is m reality a complex and con- 
sists of several distinct chemical entities In the past years two factors, 
one a heat-labile vitamin, Bi, and the other a heat-stable vitamin, Bj, 
or G, were recognized Other factors, including vitamins Bg, B 4 and 
B 5 , have been described but not universally recognized In a recent 

29 Frazier, C N , and Hu, C K Cutaneous Lesions Associated with a 
Deficiency in Vitamin A in Man, Arch Int Med 48 507-514 (Sept) 1931 

30 Loewenthal, L J A A New Cutaneous Manifestation in the Syndrome 
of Vitamin A Deficiency, Arch Dermat & Syph 28 700-708 (Nov) 1933 

31 Scheer, M , and Keil, H Follicular Lesions in Vitamin A and C 
Deficiencies, Arch Dermat & Syph 30 177-185 (Aug) 1934 

32 Jeans, P C, and Zentmire, Zelma The Prevalence of Vitamin A 
Deficiency Among Iowa Children, J A M A 106 996-997 (March 21) 1936 

33 Park, I O Preliminary Observations on Vitamin A Deficiency as 
Shown by Studies with the Visual Photometer, J Oklahoma M A 28 357-364 
(Oct) 1935 

34 Frandsen, H Investigation of Hemeralopia as Evidence of Minor Degrees 
of Vitamin A Deficiency, Nutrition Abst & Rev 4 621-622, 1935 
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summary of this problem, Peters®® revealed that at least six entities 
compose the vitamin B complex, as follows 

Vitamin Bi (aneunn or torulin) 

1 lactoflavine 

Vitamin B; (G) antidermatitis) 

Vitamins Ba and Bs (including the chicken antipellagra factor) 

Vitamin Bi (position at present obscure) 

The relation of these factois to the factois of the human antipellagia 
(P P ) substance, to black tongue of dogs, to heait block of pigeons 
and possibly to othei growth factors is not as yet clear, nor is it evident 
how many of these, other than vitamin and perhaps vitamin B,, 
are essential for man The delay in elucidating the nature of and the 
1 elation between the various factors is occasioned by the extreme diffi- 
cult}’’ of the expel imental work and the variability in requirements ot 
various test animals 

Vitamin B^, which has been synthesized, is a pyrimidine thiazole 
(sulfur-nitrogen-carbon ring) compound, according to Williams 
Lactoflavine, which is one of the components of vitamin Bj (G), also 
has been synthesized , it is allied to the purines, pyrimidines and nucleo- 
tides and has as its principal component the iso-alloxazme nucleus 
The chemical composition and structure of the other components of the 
vitamin B complex are unknown 

Vifamm B-y — It has been recognized for many years that vitamin 
Bi is essential for growth, probably because of its influence in tissue 
oxidation, particularly in oxidation of carbohydrates In 1929 Kin- 
neisley and Peters produced evidence that there was an increased 
amount of lactic acid in the brains of pigeons in terminal stages of 

vitamin Bj deficiency as compared to that in the brains of normal 

pigeons Subsequently Peters and Thompson and Sherman and 

Elvchjem revealed the importance of vitamin B^ in the oxidation of 

pyruvic acid , in fact, the vitamin appears to be an essential catalyst in 

35 Peters, R A The Vitamin B Complex, Brit M J 2 903-905 (Nov 7) 
1936 

36 Williams, quoted bv Peters®^ 

37 Kinnersley, H W , and Peters, R A Observations upon Carbohvdrate 
Metabolism in Birds I The Relation Between the Lactic Acid Content of the 
Brain and the Sj'mptoms of Opisthotonus in Rice-Fed Pigeons, Biochem J 23 
1126-1136, 1929 

3S Peters, R A , and Thompson, R H S Pyruvic Acid as an Inter- 
mediary Metabolite in the Brain Tissue of Avitaminous and Normal Pigeons, 
Biochem J 28 916-925, 1934 

39 Sherman, W C, and Elvehjem, C A In Vitro Studies on Lactic Acid 
Metabolism in Tissues from Polyneuritic Chicks, Biochem J 30 785-793 (May) 
1936, In Vitro Action of Crystalline Vitamin Bi on Pyruvic Acid Metabolism 
in Tissues from Polyneuritic Chicks, Am J Phjsiol 117 142-150 (Sept) 1936 
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the oxidation of p}'ruvic acid As Peteis and Thompson have pointed 
out, the extensive evidence for this fact can be summarized by saying 
that vitamin can be shown in vitio to have a specific catalytic effect 
on the biain tissue of pigeons suffering from deficiency of this vitamin 
and that pyiuvic acid accumulates in the blood of animals, and piob- 
ably of man, suffeiing from deficiency of vitamin The accumulation 
of lactic acid m the blood and tissues, which is a marked feature of 
vitamin B^ deficiency and of beriberi in man, may be explained by the 
suggestion that the oxidation of lactic acid is inhibited at the stage of 
pyiuvic acid These changes in the nervous system probably explain 
many of the symptoms of vitamin B^ deficiency , the remaining symp- 
toms may be attributable to the influence of the vitamin on carbohydrate 
metabolism m tissues othei than the biain The effect of consumption 
of large quantities of carbohydrate on the lequiiement of vitamin B^ 
has been of particular interest in this respect Stepp and Schroeder 
have repoited the first case of relative beribeii in man, attributable to 
consumption of excessive carbohydrate (in then case from 500 to 1,500 
Gm of sugai daily) 

Previous evidence suggesting a spaiing action of a diet high in fat 
on the vitamin Bj. requirement has been denied by Sure and Bucbanan 
and by Westenbrmk Of interest also is the work of Cowgill and 
Dann on the failure of dinitrophenol to influence the vitamin 
requirement of dogs It is generally accepted that elevation of the basal 
metabolic rate leads to an increased requirement for vitamin In these 
studies of Cowgill and Dann the average increase in the basal metabolic 
rate was 28 per cent, and yet there was no demonstrable effect on the 
vitamin B^ requirement, probably because the impoitant factor in deter- 
mining the requirement of the vitamin is the total and not the basal 
metabolism 

The daily lequirement for vitamin B^ has been expressed by Cow- 
gilD^ as about 300 U S P units for a man weighing 70 Kg Ha'rris 

40 Stepp, W , and Schroeder, H Benbenerkrankung beim Menschen hervor- 
gerufen durch ubermassigen Zuckergenuss, Munchen med Wchnschr 83 763-764 
(May 8) 1936 

41 Sure, B, and Buchanan, K S Avitaminosis Influence of High Fat- 
Contaming Diets on Vitamin Bj Requirements, Proc Soc Exper Biol & 
Med 33 75-76 (Oct) 1935 

42 Westenbrmk, H G K Physiologic Action of Vitamin Bj, Nutrition 
Abst & Rev 5 944 (April) 1936 

43 Cowgill, G R, and Dann, Margaret The Failure of Dinitrophenol to 
Influence the Vitamin B Requirement, Yale J Biol & Med 8 501-509 (Mav') 
1936 

44 Cowgill, G R The Vitamin B Requirement of Man, New Haven, Conn, 

Yale University Press, 1934 ’ ’ 
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and Leong'*^ calculated the requirement as 250 to 500 international 
units daily (about 1 mg of crystalline vitamin) Baker and Wright « 
have reemphasized the fact that vitamin is not abundant in most 
toods Most fresh foods contain about 1 international unit per gram, 
I)ut the variability in this factor and the amount of the vitamin destioyed 
by piocessmg of foods must be taken into consideration in any calcu- 
lation of the content of the diet It is exceedingly important to recall 
that during the piocess of digestion and alimentation there may be 
destiuction or failure of absorption of vitamins and that even though 
the diet contains an adequate suppl}^ a deficiency state may result 
Scheunert and Schiebhch Wrave shown, for example, that m dogs with 
an ileac fistula at least 66 6 per cent of vitamin B^ administered by 
mouth (and a considerable amount of vitamin Bj) was absorbed m the 
stomach or small intestine 

A method of corioboratmg clinical impressions of mild states of 
vitamin B^ deficiency may result from studies now in progress on uri- 
nary excretion of this vitamin Helmer,^® Hams and Leong and 
Roscoe have published their results in the past year, and by biologic 
tests all have found appreciable quantities of the vitamin m urine 
According to Harris and Leong, the daily output of vitamin B^ in the 
urine of 9 healthy adults on “normal” diets amounted to from 12 to 35 
international units, with an average of 20 This repiesented only 5 to 
8 pel cent of the intake Variations could be noted when the vitamin 
Bjl content of the diet was increased or decreased, and the conclusion 
was reached that a daily excietion of less than 12 international units 
supports the presumption that the diet has less than a normal allow- 
ance of vitamin B^ Roscoe said she was less convinced of the value of 
the estimation because of the variability m amounts excreted by normal 
subjects, in fact, m the urine of some, vitamin B^ appeared not to be 
excreted in measurable quantities, although the intake was “normal ” 
In addition, when vitamin B^ was added to the diet in definite amounts, 
it was excreted by some and retained by other “normal” subjects The 
vitamin B^ content of the blood is at present being studied These tests 
also depend on biologic methods, and in unpublished data Meiklejohn 

45 Hams, L J , and Leong, P C Vitamins m Human Nutrition The 
Excretion of Vitamin Bi in Human Urine and Its Dependence on the Dietary 
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reported the normal value for man to be 4 international units (8 5 micro- 
grams ±1) for each hundred cubic centimeters of blood 

It has long been recognized that deficiency of vitamin leads 
to the development of beiiberi However, giadually accumulating 
evidence indicates that it may be a significant factor m leading to 
disturbances of the eye, of the nervous system, of the cardiovasculai 
appaiatus and of the gasti o-intestinal tract and may cause diabetes and 
edema as well as other symptoms Of chief clinical inteiest is the effect 
on the neivous and cai diovascular systems Strauss®^ demonstiated 
cleaily the etiologic lelationship of vitamin to so-called alcoholic 
polyneuritis Reports from other clinics have substantiated this and 
have recorded therapeutic value in the admmisti ation of large quan- 
tities of vitamin B^ in the tieatment of the condition Jolhffe, Colbeit 
and Jofife have offeied fuither evidence of this relationship by careful 
studies of the diets of 42 alcoholic addicts They demonstrated that in 
their series the intake of vitamin Bi of every alcoholic addict who 
had polyneuritis was estimated to be inadequate (Cowgill’s formula) , 
none of the addicts whose intake of vitamin B^ was estimated as ade- 
quate had polyneuritis, and every addict whose intake of this vitamin 
was estimated as having been absolutely deficient for twenty-one days 
had polyneuritis Subsequently, Jolhffe and Colbert®® piesented further 
evidence of the effects of vitamin Bi in the treatment of “alcoholic’' 
polyneuritis In studies of a group of chronic alcoholic addicts with 
uncomplicated polyneuritis who weie given diets containing slightly 
inadequate or barely adequate quantities of vitamin B^, no improvement 
was noted in the objective signs of peripheral neuiitis over a period 
of one month The condition of subjects whose treatment consisted of 
an intake of vitamin B^ that was approximately twice their predicted 
requirement improved but not as rapidly as, or in degree equal to, that 
of subjects who received four times their reqmiement of vitamin Bj. 
It IS possible that fractions of the vitamin B complex other than vitamin 
Bi were therapeutically significant in these cases, since a preparation of 
autol)'zed brewer’s yeast was used It is particularly inteiesting in this 
respect to record the failure of Wechsler, Jervis and Potts to pro- 
duce the clinical or pathologic syndrome of polyneuritis in monkeys. 
Deficient intake, relative and absolute, of vitamin Bj alone or combined 

51 Strauss, M B The Etiology of “Alcoholic” Polyneuritis, Am J M 
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54 Wechsler, I S , Jervis, G A, and Potts, H D Experimental Study of 
Alcoholism and Vitamin B Deficiency m Monkeys, Bull Neurol Inst New York 
5 453-475 (Aug ) 1936 



524 


ARCHU'ES or INTERNAL MEDICINE 


with acute and chronic alcoholism, did not pioduce clinical or patho- 
logic features suggesting poh neuritis Whether this unusual resistance 
to alcoholic intoxication and vitamin deficiency lepresents a species 
difference is unknown 

Cardiovascular distuibances involving particularly the heart and the 
capillaries aie known to be associated with beriberi and have led to 
the designation “beriberi heart ” This condition, which has been thor- 
oughly described clinically and pathologically by Wenckebach,®® is raieh 
observed m the United States Recent studies made by Weiss and 
Wilkins ®® are of particular interest because an attempt has been made 
to describe the cardiovasculai symptoms and signs of a gioup of patients 
who gave evidence of mild and model ate deficiency of vitamin B]_ and 
to delineate the cardiovascular conditions in which vitamin B^ may be 
of theiapeutic value From a gioup of patients in the Boston City 
Hospital 97 were selected in whom disturbances of cai diovascular func- 
tion seemed related to nutritional factors Patients weie selected in 
whom a cardiovascular distuibance was present and was unexplained 
on the basis of any factors ordinarily recognized as being of etiologic 
significance m circulatoiy failuie In all instances the history gave 
evidence of an unbalanced diet, and many patients showed other signs 
of deficiency states, such as “alcoholic” polyneuritis As evidence of a 
direct relationship between cardiovascular symptoms and deficiency of 
vitamin B components, Weiss and Wilkins have used the following 
criteria the history of an unbalanced diet, the beneficial response to 
foods rich in vitamin B or to concentrates or crystals of vitamin Bi, 
the simultaneous presence of other clinical manifestations recognized as 
deficiency states, such as polyneui itis , the absence of other recognizable 
etiologic factors of caidiac disease, the electi ocardiographic changes 
which disappear aftei administration of vitamin B^, and the similanti 
of the clinical syndrome and histologic picture of the heart muscle to 
those observed m beriberi m other parts of the world It is clearly 
recognized that the evidence is presumptive and that proof has not 
been established In studies of these patients the principal conclusions 
reached included the observations that dysfunction of the cardiovascular 
S 3 '^stem might develop as a result of an unbalanced diet (especially one 
lacking in vitamin B) and that such dysfunction could affect both a 
previously normal and a previously damaged cardiovascular apparatus 
The authois stated that they felt that these abnormalities depended 
partly on changes in the nervous system and partly on changes in the 
myocardium The principal symptoms were simple tachycardia, vagus 

55 Wenckebach, K F Das Benben-Herz Morphologic, Klinik, Pathogenese, 
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reflex in liability, with bradycaiclia or with asystole and syncope, and 
failuie of the right oi left side of the heart, peripheral aiteiiolar dila- 
tation and vasomotor collapse, with vascular constriction, in various 
combinations In one gioup of patients these changes disappeared 
lapidly, and m anothei they disappeared slowly after rest and an ade- 
quate dietary intake Electrocardiogiaphic changes weie noted m all 
but 3 of 38 patients and consisted principally of changes m the T waves, 
in low amplitude and m piolongation of the electiical systole (Q-T), 
which usually disappeared under theiapeutic measures Histologic 
changes obseived in the cardiac muscle in seveial patients were observed 
to be similai to those described by Wenckebach, but they weie not con- 
sideied chaiacteiistic or specific of deficiency states Weiss and Wilkins 
expressed the opinion that the conditions they described weie actually 
more frequent than has been noted previously They wiote that such 
conditions should be looked for principally m examination of alcoholic 
addicts and less fiequently m examination of piegnant women, of per- 
sons without woik, of those living in conditions of poverty, of food 
Clanks, of diabetic patients and of those with certain types of gastro- 
intestinal disease These groups of persons rarely perform hard work 
and this may be one of the factors which accounts for the great vari- 
ability which has been noted in the degree of deficiency and in the 
variability oi absence of symptomatic response 

It IS extiemely important not to asciibe to vitamin B deficiency 
caidiovascular symptoms oi signs which cannot readily be explained 
on the basis of ordinary and well recognized conditions Much more 
evidence will have to be presented before the field of cardiovascular 
changes m relation to vitamin B deficiency can be closely delineated 
It IS equally important to emphasize that the promiscuous use of prepa- 
rations of vitamin B for lelief of symptoms m all types of cardio- 
vascular disease is useless and might prove dangeious Weiss pointed 
out that his studies of the effect of vitamin B^ on the heart and circu- 
lation of normal subjects, m the presence of various types of oiganic 
heart disease and m the piesence of different types of edema, levealed 
no changes in lieait rate, m electrocardiographic tracings, in hemo- 
dynamics 01 in edema even though a dose as large as 30 or 40 mg of 
crystalline vitamin B^ was given m a single injection 

Rabinowitz and Rogers have reported an interesting case of a child 
4 yeais of age who had a laige heart, a rapid and iriegular pulse, . 
gallop rhythm, a precordial tin ill and loud systolic and diastolic mur- 
muis, with evidence also of scurvy and rickets Four months after 

57 Weiss, Soma Personal communication to the author 
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dietary treatment the foregoing signs and symptoms had cleared, and 
the size of the heart was noimal 

The mechanism of formation of edema m relation to vitamin 
deficiency is still not clear In some instances the edema is probably 
dep'^ndent, in part at least, on circulatory failure and m others on asso- 
ciated decrease in the plasma proteins , while m some cases, such as that 
of Elsom,®° it remains unexplained A relationship which might exist 
between vitamin and carbohydrate metabolism in diabetes and tbe 
possible therapeutic value of crystalline vitamin in the treatment ot 
diabetes was mentioned m last )'-ear’s review Acute and chronic dis- 
orders of the optic neive and perhaps of the ocular muscles, hemor- 
rhagic lesions of the retina and optic neuritis all have been ascribed to 
deficiency of vitamin B^ 

The occurrence of anorexia, achlorhydria, atrophy of the lingual 
papillae and hypotonicity and hypomotility of the gastro-intestinal tract 
all have been noted as evidence of vitamin B^ deficiency In an inter- 
esting study of the possible efifect of vitamin B^ deficiency on the gastric 
]uice of man, Alvarez and his associates made dail}’- observations on 
the gastric juice of 2 subjects over a period of six weeks while on a 
diet sufficiently deficient m vitamin B^ to make the vitamin-calory ratio 
1 2 (normal minimum, 1 8 — Cowgill) No signs of vitamin Bi defi- 
ciency developed, although the value for hemoglobin distinctly dropped 
and changes were not noted m the concentration of hydiochloric acid 
01 pepsin in the gastric juice In studies of experimental animals 
Simpson could not find atrophy, ulceration or erosion of the gastric 
mucosa of albino rats which were on a diet deficient in vitamin Bj, 
and he said he did not believe the slight changes he noted could be of 
any importance in the genesis of ulcer These changes were moderate 
congestion and cellular infiltration Kik, Sure and Buchanan did not 
observe in the rat noteworthy changes m digestive efficiency of either 
the proteolytic or the amylolytic enzyme in the presence of deficiencj 
of vitamin B or G There was, however, a marked decrease in the 
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digestive efificiency of pancreatic esterase, and there was a marked 
decrease in the concentration of pancreatic and hepatic lipase in the 
presence of vitamin B deficiency, which suggests a disturbance in diges- 
tion of fats in this type of avitaminosis 

Vitamin — The importance of this factor m nutrition of man has 

not been established 

Vitamin — Little is known of the physiology of vitamin B4 It 

may be related to ceitam adenine nucleotides or nucleosides Elvehjem 
has expressed the belief that this factor probably will find an important 
place m nutrition of man and in the treatment of certain disorders of 
the brain It is not abundant in foods and is easily destioyed Some 
workers believe that deficienc}'' of vitamin B4 is relieved by large doses 
of vitamin and therefore doubt the existence of vitamin B4 

Vitamin B^ — The status of this factor is questionable 

Vitamin B ^ — This factoi, which is one of the principal components 
of vitamin B,, or G, is identical with the “factor Y” of Chick, Copping 
and Edgar and with Gyorgy’s vitamin Bo Its absence leads to the 
development of “rat pellagra ” The factors of “rat pellagra/’ “chick 
pellagra” and “human pellagra” are apparently not identical, and con- 
sequently the relation of vitamin Bo to pellagra of man remains to be 
defined 

Pellagia — The etiology of pellagra is still not entirely clear Defi- 
ciency of vitamin B2, or G, long has been associated with this disease, 
but a clearcut etiologic relationship has not been established Vitamin 
Bg (G) has been found to consist of at least two factors, one of which, 
lactoflavin, has been shown by Dann to be of no therapeutic value in 
pellagra of man The relation of the other factor, B,,, the chemical 
nature of which is uncertain, is not clear either Elvehjem, for instance, 
stated that black tongue of dogs, which generally is accepted as identical 
with pellagra of man, is completely relieved by administration of a 
filtrate which remains after removal of flavins from vitamin Bo (G) 
On the other hand, in their observations Birch, Gyorgy and Harris®® 
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and Dann have been unable to relate vitamin Be to black tongue of 
dogs or to pellagra of man Birch and his associates have reported the 
occurrence of pellagra of man when the diet was high in vitamin 

Although, as has been noted, theie is disagreement as to the nature 
of the significant dietary factors m pellagra, Sydenstriker and his col- 
laborators suggested the existence of an “intrinsic” factor, which is 
deficient in pellagra These workers ofifeied the hypothesis that the 
intrinsic factor is piesent m gastric juice and that it makes possible 
utilization of minimal quantities of extrinsic factors Variability in the 
capacity to retain or regenerate the intrinsic factoi may explain some 
of the vai labilities in therapeutic response of pellagious patients 

The chai actenstic early cutaneous lesions of pellagra occur princi- 
pally on exposed surfaces, and it has long been accepted that exposure 
to sunlight IS a precipitating factor in this typical distribution Spies 
recently has studied this phase of the disease and has reported that 
pellagrous lesions occur m the absence of sunlight and may heal m the 
presence of exposui e to sunlight or to ultraviolet radiation Spies empha- 
sized that pellagia should be considered a systemic disease and not a 
cutaneous condition and that under certain circumstances, still matteis of 
con lecture, sunlight may act as an irritant and precipitate the cutaneous 
lesions of the disease 

Cardiac symptoms are raiely reported in pellagra, but Fed lepoited 
abnoimal electi ocai diographic tracings for half of 38 patients with 
moderate to severe pellagra In 14 of the 19 patients in whom changes 
weie detected no other abnormalities which could influence the tracing 
were observed The changes noted were inversion of the T wave in 
leads I or II or both, a Pardee type of S-T wave and a large T Avave 
Fed expressed the opinion that the heart is physiologically disturbed 
in this disease 

Of much practical clinical value is the repoit of Blankenhorn and 
Spies on the significance, recognition and treatment of oral compli- 
cations of chronic alcoholism and of alcoholic pellagra Approximately 
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60 per cent of 200 alcoholic addicts were found to have on the mouth 
and tongue specific lesions of widespread stomatitis The tongue becomes 
swollen so that impiession of the teeth can be seen on its surface, it 
becomes bright red and ulceration may occur The gums and mucous 
membrane may share m this process Early tieatment, consisting of a 
nutritious diet of 4,000 calories and 75 Gm of yeast oi of liver extiact 
daily, caused the lesions to disappear 

Methods of Recogmtion and the Fieqnency of States of Deficiency 
fiom Laek of the Components of the Vitamin Complex — Knowledge 
of these matteis remains in the piocess of evolution According to 
Youmans, no reliable symptoms, signs or diagnostic tests are available 
for detection of conditions of minimal vitamin deficiency Howevei , 
a variety of clinical symptoms exist which should lead one to suspect 
the possibility of such deficiency The occurience of neuiitis of the 
peripheral or optic neives, of circulatory changes pieviously noted, of 
unexplained edema and of vague but suggestive digestive symptoms, 
such as anoiexia, achlorhydiia and pool intestinal tonicity, particulaily 
if patients have been on an inadequate diet, should lead perhaps to a 
suspicion of deficiency Estimation, with Cowgill’s formula, of the 
vitamin lequiiement of the subject and of his pievious intake might 
be helpful as additional evidence As yet estimations of the vitamin B^ 
content of the blood and urine require extensive laboiatory and biologic 
facilities and aie theiefore not practicable for oidinary use, also the 
lower limit of vitamin adequacy has not been cleaily established for 
man Therapeutic tests with ciystalline vitamin Bi also are of diag- 
nostic value, but favoiable response to injections of this substance is 
not proof that the patient suffered fiom a deficiency of the vitamin 

The diagnosis of pellagia still depends on clinical judgment Glossitis, 
diarrhea, digestive disturbances and nervous and mental disordei s ai e no 
more than suggestive The cutaneous symptoms may be characteristic 
Response of such symptoms to administration of yeast and othei piepa- 
rations rich in the vitamin B complex may constitute further evidence 

The frequency of lesions lesultmg from vitamin B deficiency is 
uncertain The obseivations of Weiss and Wilkins, of Youmans and 
of Scott and Herrmann suggest that states of vitamin deficiency 
may be more common than has previously been thought, but moie 
objective evidence is necessary befoie ceitain knowledge of the fre- 
quency of the disordei can be obtained Attention should be diiected 
to the occurrence of so-called secondary pellagra in the northern part of 
the United States, namely, pellagia secondary to or associated wnth 
organic disease of the digestive tiact, particulaily obstructing and 
malignant diseases 
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VITAMIN C 

In an excellent leview of the cliemistr}'^ and ph3'^siologic activity of 
\ itainin C, King pointed out that the period since 1932 has witnessed 
the identification and establishment of the molecular stiucture of 
vitamin C, as well as many exact measuiements of its physiochemical 
properties, its synthesis, its commercial production and the development 
of many methods of analysis and of detailed knowledge of its occur- 
lence in plant and animal tissues Moreovei, a certain degree of cor- 
1 elation with specific enz 3 ane systems has been worked out and steady 
but slow advance has been made in understanding its significance in 
relation to the health of man As far as animal tissues are concerned, 
the two specific idles for vitamin C which seem to have been clearly 
established are in respiratory function and m regulation of the colloidal 
condition of the intercellular substance Its role in relation to respiratory 
function has to do with the vitamin serving as an agent for trans- 
porting hydrogen between unidentified metabolites and other carriers 
or molecular oxygen, by way of two or moie oxidase enzyme systems 
It appears likely that the vitamin affects diiectly or indirectly many 
additional types of chemical change Clinical interest has been centered 
principally around the role of vitamin C in the regulation of the colloidal 
condition of the intercellular substance, because the hemorrhagic tend- 
ency which IS so chai actenstic of scorbutic states is the result principally 
of alteiations in the intercellular substance of capillary walls 

Vitamin C is water soluble and readily diftusible and therefore is 
usually easily absoibed from the gastro-intestmal tract According to 
Klodt,’’® this absoiption occuis principally in the upper part of the 
intestine He expressed the belief that bile may aid in the absorption, 
since it retards oxidation of vitamin C in dilute solutions Under normal 
circumstances variable amounts of the vitamin are lost in the stool or 
destr 03 'ed in the gasti o-intestinal tract Measurements of the vitamin 
C content of a large variety of tissues, as well as that of the blood and 
urine, have been made, in fact, the vitamin C content of a single cell 
can be estimated with a fair degree of accuracy The vitamin C content 
is highest in glandular tissues and lowest in muscle and stoied fat 
Ghck and Biskind,'^' using a mici ochemical method sensitive to ± 0 0001 
mg of vitamin C, have examined the content of this vitamin in the 
various tissues of cattle The highest recorded value is in the pars 
intermedia of the pituitaiy body, which contains one and one-half 
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times moie than the pars distahs of the pituitaiy body oi the adienal 
cortex The amount present m the corpus luteum roughtly parallels 
the amount of luteal hoimone, progesterone, m the ovaiy 

Methods of testing the vitamin C content of uime depend on the 
capacity of the vitamin as a i educing substance The principle involved 
rests on the reduction of the vitamin m the uiine by titiation with the 
dye 2 6 dichlorophenol-indophenol The principal souices of error 
include the piesence of othei reducing substances m mine and the 
destiuction of vitamin C in mine which is allowed to stand without 
adequate preseivative measuies Sendioy and Schultz"** have shown 
that the impoitant factois in the preservation of cevitamic acid in the 
urine aie oxygen tension, tempeiature and pn, particularly the first 
Urine to be tested should be titiated immediately aftei it has been 
voided, or it may be preseived by addition of 10 per cent by volume 
of glacial acetic acid or it may be kept in a lefngeiator in a small 
container from which air is excluded Sendioy and Schultz estimated 
that their titrations approximated within 10 to 15 per cent of the 
total cevitamic acid content of the mine A fenicyanide method of 
titration of mine foi vitamin C has been used by Taubei and Kleiner 

The quantity oi vitamin C in the twenly-foui houi output of urine 
of normal subjects is variable and depends principally on two factors 
the first IS the lelative appioach to satuiation of the tissues of the 
subject, and the second is the intake of vitamin C dm mg the period 
over which tests aie made Harris and Ray®® placed the average m 
the twenty-four hour output of urine of normal subjects at from 
30 to 33 mg Johnson and Zilva stated as their conclusion that there 
IS no definite standard of noimahty as regaids urinary excietion, while 
Wright has found the aveiage noimal excretion to be from 20 to 30 
mg daily Howevei, Youmans and his colleagues®® repoited that 
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half of 16 normal controls whose diets were supposedly adequate 
excreted less than 20 mg daily These results suggest the ■variability 
which piobably exists in nonnal subjects and emphasizes the fact 
that few, if any, conclusions can be drawn from isolated determinations 
of the urinary output of vitamin C 

Methods of determination of the reduced cevitamic acid content 
of the blood serum and plasma have been developed by Abt Faimer 
and Epstein®^ and by Taylor, Chase and Faulkner®® 

Taylor and his associates reported that m studies of 33 subjects 
who were free fiom infection or scurvy the average level of reduced 
cevitamic acid m the blood plasma was found to be 1 61 mg pei hundred 
cubic centimeter s, with extreme values of 0 83 and 2 43 mg Abt and his 
associates stated as their conclusion that values of less than 0 75 or 0 8 
mg of reduced cevitamic acid pei hundred cubic centimeters of blood 
plasma indicate a subnormal intake of vitamin C Wright, using the 
method of Abt, Farmer and Epstein, found the noimal level in adults 
to rest between 0 7 and 1 3 mg per bundled cubic centimeters of blood 

The classic clinical picture of scurvy is mfiequently seen, but reports 
of subclinical and pieclinical scurvy, diagnosis of which has been based 
principally on studies of capillary fragility or on the results of urinary 
excretion of a variety of test doses of vitamin C, have appeared fiequentl) 
in the literature It seems obvious that theie is a wide zone of vitamin 
deficiency between scurvy and optimal health How satisfactoiily 
quantitative tests of the intake and output of vitamin C and of its 
concentiation in the blood plasma of patients can be used to determine 
the position of a patient m this zone is uncertain However, it must be 
emphasized that until more is known about the actual daily requiie- 
ment of vitamin C, about the significance of saturation and about the 
clinical value of test doses, caution must be used m the interpretation 
of many conditions now called “subclinical” scurvy 

Studies of “capillary fragility,” or “capillary resistance,"” have been 
used foi several years as a measure of the adequacy or inadequacy of 
vitamin C nutrition A variety of different methods of performing the 
test have been developed, and this has further tended to confuse 
the issue Wright has well summarized the situation m pointing to the 
three distinct schools of thought in regard to the diagnostic significance 
of the method 1 Those of one school believe that the phenomenon 
IS useful and important and that a positive pressure method is probably 

84 Abt, A F , Farmer, C J , and Epstem, I M Normal Cevitamic 
(Ascorbic) Acid Determinations in Blood Plasma and Their Relationship to 
Capillary Resistance, J Pediat 8 1-19 (Jan ) 1936 

85 Ta\Ior, F H L , Chase, D, and Faulkner, J M The Estimation of 
Reduced Ascorbic Acid in Blood Serum and Plasma, Biochem T 30 1119-1125 
(Juh) 1936 
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the most satisfactoiy one 2 Those of another school believe that 
the phenomenon is useful and impoitant, but they feel that a negative 
pressuie method is moie reliable and acceptable 3 Those of still 
anothei school feel that studies of the vitamin content of the urine and 
blood leveal the entire pictuie and that the capillaiy fragility tests are 
misleading and of little value 

Any one \Yho takes the time to.ieview the literature in legaid to 
this interesting and important phase of nutiition cannot fail to be 
impressed by the variability of the lesults which have been reported 
There can be no question that increased capillary fragility is non- 
specific and occuis m a variety of conditions other than deficiency of 
vitamin C, such as thrombocytopenic purpuia and increased capillary 
fi agility resulting from the toxic effects of neoarsphenamme, carbon 
monoxide, scarlet fever and diphtheiia, as well as anemia Failure of 
patients with scuivy to give evidence of increased capillary fragility has 
been noted by Weld On the other hand, there is not always a clear- 
cut correlation between the levels of cevitamic acid m the plasma and 
the uime and the results of capillary fi agility tests (Abt, Farmer and 
Epstein and Wright) It seems obvious, therefore, that final con- 
clusions cannot be made as yet delineating the diagnostic value of the 
various methods It is logical that a positive result of the capillary 
fragility test should lead to the suspicion of a state of deficiency of 
vitamin C and that much weight would be added to this suspicion if the 
test became negative after administration of cevitamic acid How- 
ever, if scurvy and prescoibutic states are attributable solely to deficiency 
of vitamin C, then final proof of the presence of such a condition will 
have to depend on the demonstration, by objective quantitative data, 
of a deficiency in levels in the plasma and urine or m the i espouse to 
a test dose of vitamin C As yet these values have not been satis- 
factoiily defined for normal subjects 

The administiation of test doses of vitamin C to deteimine the 
“satuiation,” “retention,” “leseive” and “resaturation” of vitamin C 
has been reported to be of value m determining the nutritive status 
of a subject with respect to vitamin C or as a diagnostic test of a 
piescorbutic state Some of these tests should prove to be of great 
value when normal standards have been established It does not seem 
reasonable to suggest that a subject must be saturated with vitamin C 
m Older to avoid being classed as one suspected of having prescorbutic 
or piechnical scurvy There is considerable diffeience of opinion in 
regard to the value of such test doses Youmans and his colleagues 
reported that, in general, tests of saturation correspond to the tests of 
daily excietion and the probable dietary intake of the vitamin and 

86 Weld, C B Capillary Resistance Test and Its Relation to Vitamin C 
and D, J Pediat 9 226-233 (Aug ) 1936 
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that a daily excretion of 20 mg and an excretion of 30 per cent of a 
test dose (about 600 mg m adults) are suggested as the lower limits 
of normal daily excietion and of satuiation, respectively Sendroy and 
Schultz, on the other hand, suggested that the urinary excretion test 
of cevitamic acid is largely affected by the two variable factors rela- 
tive approach to satuiation of the tissues at the beginning of the test 
and the intake in the diet of the subject duiing the course of the test 
If one can maintain this second factor constant by bunging about 
ingestion and absorption of fixed high doses of cevitamic acid, the 
results of the test may be taken as a measure of the first factor 
namely, the approach to satuiation The investigators named theiefore 
proposed that the total of seven days’ excretion under conditions of 
high daily test dose of 250 mg of cevitamic acid would be informative 
Undei such circumstances these workers have piepared a table of the 
“utilization coefficient” of vitamin C at various ages In studies of the 
saturation and reserve of Autamin C, O’Hara and Hauck reported 
that the amount of AUtamin C necessary to restore the tissues to satuia- 
tion after a month on a diet low in vitamin C ranged from 2,200 to 2,800 
mg when administered m daily doses of 200 mg They estimated the 
tissue reserves at saturation to be about 2,500 to 3,000 mg In their 
obsei vations of the excretion of cevitamic acid Archer and Graham 
found evidence that the percentage output is much moie valuable 
evidence that a patient has scurvy than is the amount of cevitamic acid 
taken before the excretion increased or the amount excreted after a test 
dose They suggested that one should measure the amount of cevitamic 
acid which must be given before the percentage output rises above 
75 per cent 

The development of deficiency states does not always indicate a 
previously inadequate diet Abnormalities of absorption and abnormal 
metabolic demands may precipitate such conditions in the face of an 
adequate diet As Gagja has pointed out, there are two types of 
avitaminosis C One is an alimentary type, and the other is a toxic 
type, usually obsei ved m the course of infectious diseases An excellent 
example of the alimentary type of scurvy is the case reported by 
Moncneff in which scurvy developed in an infant while it was on 
an adequate diet, the scurvy was promptly relieved by intravenous 

87 O’Hara, Patricia H , and Hauck, Hazel M Storage of Vitamin C by 
Normal Adults Following a Period of Low Intake, J Nutrition 12 427-413 
(Oct 10) 1936 

88 Archer, H E , and Graham, G Some Observations on the Excretion of 
Ascorbic Acid, Lancet 1 710-713 (March 28) 1936 

89 Gagvi, J Ueber die bactericide und antitoxische Wirkung des Vitamin C, 
Khn Wchnschr 15 190-195 (Feb 8) 1936 

90 Moncneff, A , quoted in Unexpected Rickets and Scurvy, annotation, 
Lancet 1 36 (Jan 4) 1936 
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administration of vitamin C The inhibitory effect which the vitamin 
has on diphtheria toxin, and probably also on other pioducts of 
pathogenic oiganisms, may be one of the normal defense mechanisms of 
man It probably explains, in part at least, the frequently obsei'ved 
low values for cevitamic acid in the blood and urine in the presence 
of infections The piophylactic and theiapeutic use of vitamin C in 
infections has not produced clearcut results Encoui aging repoits have 
been made of its use in association with hormones of the adrenal cortex 
in the presence of diphtheria, although it does not supplant diphtheiia 
antitoxin Encouraging studies of Jungeblut have suggested that it 
ma}'’ be of value in inactn^ation of poliomyelitis virus in the experimental 
animal Wright has reported that as a prophylactic against acute infec- 
tions, such as tonsillitis, otitis media and abscess, large doses of vitamin 
C were not of value Heise and Martin expi essed the belief that 
in pulmonary tuberculosis there is a rough parallelism between the 
activity of the disease and the daily excretion of vitamin C ip the urine 
when the patient is on a controlled diet They estimated that the 
patient who has tuberculosis requires from 55 to 138 mg of cevitamic 
acid to maintain a normal rate of excretion, as compared with the normal 
requirement of from 15 to 30 mg Hasselbach placed the daily 
requirement, in the presence of active pulmonary tuberculosis, at the 
equivalent of from 100 to 150 mg of orange juice 

The relation of gastro-intestmal abnormalities to absorption of 
vitamin C is indicated by the studies of Emhauser,®^ who reported that 
when patients have what he called “gastro-intestinal catarrh,” there is 
disturbance in absorption of vitamin C This is particularly true if 
patients have achlorhydria, then more rapid oxidative decomposition 
of vitamin C is said to result from the increased alkalinity of the 
intestinal content, as well as from the pathologic bacterial flora, which 
destroys vitamin C Whether vitamin C is a significant factor in the 
etiology of gastric and duodenal ulcer, or perhaps in hemorrhages which 
occur from such lesions, is an important practical point Schultzer’s 
studies indicated that the capillary resistance in such cases is not abnor- 

91 Jungeblut, C W Inactivation of Poliomyelitis Virus in Vitro by Crystal- 
line Vitamin C (Ascorbic Acid), J Exper Med 62 S17-S21 (Oct ) 1935 
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inal as compared with the normal However, Aicher and Graham®® 
reported that m 9 patients with ulcer they found less saturation with 
vitamin C than m 2 control subjects who gave rathei low values for 
the A'ltamin Similaily, Harris, Abbasy, Yudkin and Kelly®" found in 
patients with ulcei m a large hospital an average urinary excretion of 
5 6 mg of vitamin C m twenty-four houis, while the average for 74 
adult patients in the hospital was 8 9 mg It seems clear that in most 
of these cases the low values were related to a low intake of vitamin C 
on oidinaiy therapeutic diets for ulcer It is questionable if lack of 
vitamin C is more than a secondary factor in causation of ulcer under 
such circumstances Its relation to hemorrhage from ulcer is still 
unsettled and obviously requires close scrutiny 

Intel esting but conflicting reports of the relation of vitamin C to 
pigmentation of the skin have appeared recently Szent-Gyorgyi,®® in 
1934, reported decrease in the pigmentation in Addison’s disease fol- 
lowing the use of cevitamic acid Wilkinson and Ashford®® studied 
3 patients with Addison’s disease and found in all of them deficiency 
m vitamin C, they did not obtain distinct change in pigmentation at 
first but definitely less pigmentation after vitamin C had been admin- 
istered for some time In a case of pernicious anemia, with pigmen- 
tation of the face, Schroeder and Einhauser did not observe change 
in the pigmentation following the use of liver extract but prompt 
lessening of the pigmentation when 300 mg of synthetic vitamin C was 
given intravenously for fouiteen days 

Fuither attempts to relate rheumatic fever and chronic infectious 
arthritis to deficiency of vitamin C have been made by Rinehart,^®^ on 
the basis of the similarity of lesions obseived in man in these conditions 
and those observed m scorbutic animals with added infection The 
studies of Sendroy and Schultz and of Schultz failed to support 
the concept that a condition of deficiency of cevitamic acid is a predis- 

96 Archer, H E , and Graham, G The Subscurvy State in Relation to 
Gastric and Duodenal Ulcer, Lancet 2 364-366 (Aug IS) 1936 

97 Harris, L J , Abbasy, M A , Yudkin, J , and Kelly, S Vitamins in 
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posing factoi in the causation of rheumatic fever , these studies revealed 
also that clinical manifestations of this disease were not demonstrably 
affected by the oral or intravenous administration of vitamin C over 
periods of several months Certainly further observations should be 
carried out in this interesting field 

In view of the hemorrhagic tendency in scurvy, it was obvious that 
attempts would be made to relate all types of hemorrhagic diseases to 
vitamin C deficiency and to treat them with the vitamin Disappointment 
has followed almost all such attempts, particularly in thrombocytopenic 
purpuia, leukemia, Schonlein’s purpura and hemophilia Treatment 
of hemorrhagic states with vitamin C should not be earned out blindly 
but should depend on as clearcut evidence as possible that a deficiency 
of cevitamic acid exists 

Recognition, Fiequency and Tieafment of States of Vitamin C Defi- 
ciency — The recognition of scurvy is not difficult, but determination 
of the presence of states of subclinical scurvy or hypovitaminosis C 
may be extiemely difficult Clinical features which might possibly lead 
to the suspicion that the disease is present include hemorrhagic tenden- 
cies, dental caries, spongy gums, abnormal cutaneous pigmentation, 
vague aches and pains, as well as fatigue, pallor, frequent infections, 
anemia and a history of an inadequate diet 

If suspicions aie aroused, the next step to take in determining the 
presence of vitamin C deficiency is to perform the capillary resistance 
test (for technic, see Wright and Lihenfeld If the test shows a 
positive result, the evidence is suggestive but not conclusive A negative 
test does not definitely exclude vitamin C deficiency After this a 
therapeutic test, performed by administration of vitamin C orally or 
intravenously, with relief of symptoms or reversal of previously positive 
results of the capillary test, probably would be good evidence that the 
deficiency exists Studies of the level of cevitamic acid in the blood 
and urine and the lesults of test doses give more objective evidence 
of the status of vitamin C nutiition (see foregoing section for details) 
However, noimal values have not as yet been conclusively established 

The frequency of states of preclimcal scurvy, or vitamin C hypo- 
vitaminosis, IS unknown, but they are probably more common than 
previously was believed, particularly among members of the lower 
economic groups, among patients who have chronic infectious diseases 
and among those who are under prolonged and restricted dietary care 
How frequently these states will be found among the general population 
will depend on observations m the future, based on standards as yet 
incompletely established 

103 Wright, I S, and Lihenfeld, A Pharmacologic and Therapeutic 
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The normal daily requirement of cevitamic acid of an adult is prob- 
ably betwen 20 and 50 mg Oi dinar) therapeutic doses are usually 
200 mg or less and may be given oially oi intravenously It is advo- 
cated by some to give to patients suspected of vitamin C deficiency 
1,000 mg daily for several days and thereaftei to admimstei mainte- 
nance doses (30 to 50 mg ) with the idea of approaching saturation 
and of overcoming any tendency' to deficiency which may exist 

VITAMIN D 

Interest in vitamin D has been much increased because of the 
apparent multiplicity of substances which possess antirachitic proper- 
ties Because of variabilities in absorption and utilization of these sub- 
stances by the same and different species of experimental animals, the 
difficulty of the problem has been multiplied Further difficulties have 
arisen because of the variability in reports arising from the multiplicity 
of products formed by the irradiation of ergosterol Bills has pre- 
sented evidence from chemical studies and bio-assays that at least eight 
distinct forms of the vitamin have been prepared by irradiation of 
materials containing provitamins The three common sources of animal 
origin — fish liver oils, viosteiol and irradiated milk — represent at least 
three chemically different vitamins D From an extensive review of 
the literature Jeans gave as his conclusion that vitamin D of animal 
souice appears to be moie potent for the use of man than vitamin D 
of vegetable source Those interested in the chemical problems of vita- 
min D are referred to the excellent summaries of Bills and McCol- 
lum 

The mode of action of vitamin D is little understood It is essential 
for adequate mineralization of bones and teeth and is therefore closely 
related to the metabolism of calcium, phosphorus and parathyroid hor- 
mone Heymann recently scrutinized this problem, particularly from 
the standpoint that vitamin D may act in a hormonal role in phosphate 
metabolism, as parathyroid hormone acts m calcium metabolism He 
could find no evidence for such a hypothesis, although he found that 
vitamin D increased the diminished inorganic phosphate content of the 

104 Bills, C E New Forms and Sources of Vitamin D, J A M A 1*18 
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blood in iickets Nicolaysend'’® study of the mode of action of 

vitamin D in rats, suggested that its action in phosphate metabolism 
IS to increase the supply of phosphate from the intestinal contents to the 
blood stream and thence to the tissues He could not produce evidence 
that it acted by maintaining a balance between the different forms of 
phosphorus in the organism Warkany recently has reported attempts 
at estimation of the vitamin D content of the blood seium Using 
a method of bio-assay, he found that in man the values aie from 45 9 
to 135 U S P , units foi each hundred cubic centimeters of serum, 
with an aveiage value of 9909 units When rabbits were given by 
mouth 0 1 cc of viosterol containing 100,000 U S P units, there was 
elevation of the level of vitamin D in the serum in six hours In 
twenty-four hours the maximal rise was present, amounting to about 
2,700 U S P units for one hundred cubic centimeters This level was 
maintained for three or four days, it gradually became decreased, and 
normal levels were not attained until from four to six weeks later 
During this period significant changes in phosphorus, calcium or phos- 
phatase content of the serum were not noted 

There has been much controversy m recent years ovei the effective- 
ness of various therapeutic measures m the prevention of rickets and 
the healing of the lesions Friedman,^’-® in 1934, after an extensive 
review of the literature, pointed out, for example, that there is extensive 
clinical evidence to the effect that far fewer units of vitamin D in the 
form of milk containing vitamin D are required to protect against 
rickets or to heal rachitic lesions than are required with other anti- 
rachitic agents This subject has been reviewed again this year (1936), 
for the Council on Foods of the American Medical Association, by 
Jeans, and with material made available from reports in recent yeais, 
he concluded that ''such evidence as is available may be interpreted 
to show that cod liver oil, cod liver oil concentrate milk, and irradiated 
milk are of equal potency for the human being, unit for unit ” 

One source of error which may be overlooked by clinicians is the 
translation of results of work on the prevention of rickets and healing 
of rachitic lesions in rats and chickens to results obtainable in rickets 
of infants No clearcut relation has been established among these 
groups Massengale and Bills explained that the conflicting reports 
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on the relative eftectiveness, rat unit for rat unit, of cod livei oil and 
viosterol foi chicks lies in the fact that these materials aie not broadly 
comparable Their relative efficacy fluctuates with the degree of calcifi- 
cation The difference is small at low calcification, one hundred tunes 
at “normal” calcification and great in production of extra haid bone 

Another source of erroi may be the frequency of administration and 
the dilution of the preparation that contains vitamin D, since absorption 
IS undoubtedly an important factor Lewis has observed, foi exam- 
ple, that in a gioup of 441 infants given vitamin D at thiee different 
levels (145, 290 and 1,450 units of ciystalline vitamin D) in 28 ounces 
(840 cc ) of milk, m 7 drops of corn oil or in 7 drops of propylene 
glycol, rickets developed in those who received milk less frequently 
than m the others 

While the conclusion based on the work of many obseivers seems 
acceptable that, unit foi unit, animal sources of vitamin D are essentially 
equal m antirachitic potency, there has been divergence of opinion in 
regard to the relative effectiveness of “yeast milk” (milk from cows 
fed irradiated yeast) 

Evidence has been presented by Haman and Steenbock^^® that in 
the chick a distinct difference exists between the antirachitic activity 
of “yeast milk” and “irradiated milk ” In fact, yeast milk was approxi- 
mately a tenth as effective as irradiated milk Bethke and liis 
co-workers obtained similar results In a clinical study Davidson 
and his associates reported that the feeding of yeast milk to prema- 
ture infants as the sole source of vitamin D proved to be inadequate 
for achieving complete protection against rickets As a result of his 
leview, Jeans has concluded that, on the basis of unit for unit, yeast 
milk and viosterol milk are of the same value, that irradiated milk and cod 
liver oil concentrate milk aie of the same value and that irradiated 
milk IS superior to yeast milk, but on the basis of a difference pi obably 
not more than 15 1 This ratio is based entirely on curative experi- 
ments, and, as Jeans pointed out, corroboration by preventive experi- 
ments IS highly desirable 
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The constituent of milk which is important m inci easing its anti- 
rachitic potency has been shown by Supplee and his associates to 
be associated with the lactalbumin fi action 

Of gieatest piactical value in the problem of vitamin D is the dosage 
of the vitamin m the piophylaxis and tieatment of rickets In an 
excellent summary of then experience with viosteiol over a peiiod of 
SIX yeais at the Johns Hopkins Hospital, Shelling and Hoppei stated 
the conclusion that for full term infants a daily dose of 5 drops of 
viosterol, containing about 1,125 U S P units, is efficacious m pie- 
venting rickets Foi prematurely born infants and for babies glowing 
at a too lapid late, it may be advisable to administer fiom 15 to 20 
drops of viosteiol daily foi the first thiee or foui months of life and 
thereafter 5 drops, as for full term infants In the tieatment of rickets 
these woikers employed doses of from 15 to 60 diops of viosterol daily, 
depending to some extent on the severity of the disease and the age 
of the infant or child The average period reqtiiied foi healing was 
three and seven-tenths months In groups leceiving from 30 to 60 
drops daily the aveiage time foi healing was not shoitened, indicating 
that largei amounts than 20 drops of viosteiol daily are not always 
moie efficacious in inducing more rapid healing Total lefractoiiness 
to viosteiol was not encountered in the entiie series, and partial lefrac- 
toriness was noted in 1 case only Toxic manifestations were never 
encountered, iii spite of the fact that some children leceived viosterol 
in doses of from 30 to 60 drops daily foi many months Jeans con- 
cluded that animal-souice vitamin D milk, with 135 U S P units to 
the quart (1,000 cc ), will pi event rickets but that pievention of rickets 
IS not a criterion of the adequacy of intake of vitamin D He expressed 
the belief that animal-source vitamin D in the amount present in 1 
standaid teaspoonful of aveiage high grade cod livei oil or in milk 
containing 400 U S P units to the quait (1.000 cc ) is adequate 
for the infant from the standpoint of retention of calcium and growth 
Beyond the age of infancy the exact requnement of vitamin D undei 
any specified condition is unknown, but it appears to be increased 
during pregnancy and lactation 

The 1 elation of diet, and particulaily of vitamin D to dental caries 
was emphasized in last yeai’s leview Since that time a final repoit“® 
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of the Committee on Dental Disease, appointed by the Medical 

Research Council, m England, has been issued, entitled “Influence 

of Diet on Canes m Children’s Teeth ” Among the conclusions is the 
following statement 

The investigations described in this report show conclusively that a relatnely 
high vitamin D content of the food can do much to dimmish the incidence of 
caries if the vitamin is given during the development of the teeth, that a 
beneficial effect may be obtained if the vitamin is given at a fairly late stage 

of development, and that even when it is given after the eruption of the teeth, 

the onset and spread of caries is delayed 

Concerning the series of 290 children carefully studied for a period 
of two and a half years, the committee reported that the addition of 
cod liver oil or vitamin D to the basal diet (which was a good one) 
reduced by half the incidence of caries in newly erupted teeth To 
some extent a prophylactic effect was noted on previously erupted 
permanent and deciduous teeth 

The use of vitamin D to aid the healing of fractures has led to a 
variety of opinions, and conclusions will not be possible until further 
controlled work has been done Deficiency of vitamins A and D or 
of vitamin D alone in the presence of experimental fractures in 
guinea-pigs leads to defective healing, principally because of defective 
formation of cartilage in the callus, according to Hertz,“° who has 
provided an excellent summary of this problem 

The role of vitamin D in the metabolism of calcium and the rela- 
tion among calcium, phosphorus, parathyroid hormone and vitamin D 
have not been clearly elucidated In an interesting study of the etiology 
and diagnosis of hyperparathyroidism Wilder and Howell stressed 
the important relation which has been shown to exist in experimental 
animals between insufficiency of vitamin D, on the one hand, and 
hyperplasia and hypertrophy of the parathyroid bodies, on the other 
hand It is possible that vitamin D may be of some significance in 
the development or activation of adenoma of the parathyroid glands 
or in hyperplasia of these glands m man 

The use of large doses of vitamin D in cases of arthritis has been 
of considerable interest Dreyer and Reed,’^^^ in a report of the prog- 
ress in 280 unselected cases of arthritis, noted encouraging responses 
in many cases Relief of pain, lessened disability and improvement 
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120 Wilder, R M , and Howell, L P Etiology and Diagnosis in Hyper- 
parathyroidism Review of One Hundred and Thiity-Five Proved Cases, J A 
M A 106 427-431 (Feb 8) 1936 

121 Dreyer, I, and Reed, C I The Treatment of Arthritis with Massne 
Doses of Vitamin D, Arch Phys Therapy 16 537-540 (Sept ) 1935 
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m general condition were leported in i elation both to infectious and 
to hypertrophic aithiitis On the other hand, the reports of Wyatt 
and Ins associates and of Vrtiak and Lang revealed results about 
commensurate with those of other types of treatment for arthritis 
Dreyer and Reed used doses of 200,000 U S P units daily and 
maximal doses of 300,000 units Care must be taken to avoid toxic 
doses The usual symptoms of toxicity are anorexia and gastro- 
intestinal and urinary irritability Occasionally persons appaiently may 
be sensitive to vitamin D, for Thatcher reported the case of a child 
given laige, but not excessive, doses of vitamin D, who died appar- 
ently of vitamin D hypervitammosis and who presented calcification 
in the kidney of sufficient degree to be noted at postmortem exami- 
nation 

Recogndion of States of Vttamin D Deficiency — The diagnosis 
of well developed rickets is not difficult In cases of mild involvement 
the most leliable method is roentgenologic examination of bones Esti- 
mation of the phosphatase content of the serum also may be of value 
For adults no definite criteria aie available Osteoporosis and changes 
in the levels of calcium and phosphorus m the seiuin may occur as 
a result of a variety of lesions involving calcium and phosphorus 
metabolism and the parathyroid bodies 

One might suspect vitamin D deficiency in patients with unusual or 
rapidly developing dental caries, osteoporosis, osteomalacia, tetany and 
insufficiently explained fractures The condition is most likely to occur 
during pregnancy and lactation and in celiac disease, spiue and chronic 
jaundice 

VITAMIN E 

Intel est in the possible clinical significance of vitamin E has arisen 
because of reports in the liteiatuie regaiding the use of wheat geim 
oil in the treatment of habitual and spontaneous abortion Evans and 
his associates have announced the isolation and have described the 
properties of an alcohol, a-tocopherol, which has the pioperties of 
vitamin E Of 11 patients subject to habitual abortion (tliiee to fif- 
teen abortions) Watson reported that 9 went to term and were 

122 Wyatt, B L , Hicks, R A , and Thompson, H E Massive Doses of 
Vitamin D in the Treatment of Proliferative Arthritis, Ann Int Med 10 534-536 
(Oct) 1936 

123 Vrtiak, E G , and Lang, R S Observations on the Treatment of Chronic 
Arthritis with Vitamin D, J A M A 106 1828 (May 23) 1936 

124 Thatcher, L Hypervitaminosis D, Lancet 1 20-22 (Jan 4) 1936 

125 Evans, H M , Emerson, O H , and Emerson, G A The Isolation from 
Wheat Germ Oil of Alcohol, a-Tocopherol, Having Properties of Vitamin E J 
Biol Chem 113 319-332 (Feb) 1936 

126 Watson, E M Clinical Experiences with Wheat Germ Oil (Vitamin 
E), Canad M A J 34 134-140 (Feb) 1936 
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deliveied of normal children and that 6 of them completed piegnanc} 
for the first time Currie also has repoited good results Just 
what the relationship may have been between habitual abortion and 
vitamin E deficiency m these cases is unceitain The woik of Rom- 
lands and Singer suggested that vitamin E helps to maintain the 
normal activity of the corpus luteum during early pregnancy, not b} 
direct action but by stimulation of the gonadotropic functions of the 
pituitary body 

The Cooperative Committee of the Council on Pharmacy and 
Chemistry and of the Council on Foods, previously mentioned, has 
declared that there is no evidence to indicate that vitamin E has any 
theiapeutic merit and has suggested that the Council on Foods lefuse 
to accept any vitamin E pieparation 

VITAMIN G (see VITAMIN B COMPLEX) 

VITAMIN K 

Considerable interest has been shown in the past yeai in the relation 
between hemorrhagic conditions and deficiency states The importance 
of vitamin C has already been emphasized That other factors may 
be significant was repoited by Dam^^® in 1935, since he noted a hemor- 
rhagic tendency resembling scurvy m chicks, not prevented by admm- 
istiation of cevitamic acid but pioduced apparently by a fat-soluble 
substance which he called vitamin K Almquist and Stokstad ha\e 
reported that this vitamin is present in the fecal matter of chicks 
which are not receiving this factor in the diet and have expressed the 
belief that it is probably synthesized to some extent m the lower 
portion of the intestinal tract The action of this substance, which 
occurs particularly m green vegetables, pig liver fat, hemp seed and 
alfalfa, most likely is attributable to the reduced content of prothiom- 
bin in the blood of chicks which are deficient in the substance, accord- 
ing to Dam and his associates and to Schpfnheydei The clotting 
time can be restored to normal in three days by administration of 

127 Currie, D W Vitamins for Habitual Abortion, Brit M J 1 752 
(April 11) 1936 

128 Rowlands, I W , and Singer, E Gonadotropic Activity of the Pituitaries 
of Vitamin E Deficient Rats, J Physiol 86 323-326 (March 9) 1936 

129 Dam, H The Antihaemorrhagic Vitamin of the Chick, Biochem J 29 
1273-1285 (June) 1935 

130 Almquist, H J , and Stokstad, E L R Factors Influencing the Incidence 
of Dietary Hemorrhagic Disease in Chicks, J Nutrition 12 329-335 (Oct ) 1936 

131 Dam, Henrik Sch^nheyder, Fritz, and Tage-Hansen, Erik Studies on the 
Mode of Action of Vitamin K, Biochem J 30 1075-1079 (June) 1936 

132 SchfSnhejder, Fritz The Quantitative Determination of Vitamin K 
Biochem J 30 890-896 (klav) 1936 
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the substance in which the animal is deficient In rabbits Quick 
has pioduced a hemorrhagic tendency with reduction of prothrombin 
by feeding spoiled sweet clover hay He has expressed the belief that 
such hay contains a toxic substance which either destroys prothrombin 
or inhibits the mechanism by which the body produces this clotting 
factoi and that alfalfa exerts a curative effect by supplying an acces- 
soiy factor not identical with, but possibly i elated to, vitamin K and 
requned by the organism for synthesis of prothrombin 

The importance to man of vitamin K, or of the related factor 
reported by Quick, has not been noted Attention should be directed 
toward the possible role of these factors in the hemorrhagic tendencies 
of man 

THE OCCURRENCE OF OTHER ESSENTIAL FOODSTUFFS 

Each year sees the reports of substances considered essential for 
noimal nutiition and not included in the present list of vitamins or 
minerals Two such reports in the past year suggested new dietary 
essentials Elvehjem and his collaborators in their experiments with 
rats identified a water-soluble, heat-labile factor, now called “alcohol- 
ether precipitate factor,” distinct from any of the known dietary essen- 
tials In the absence of this factor complete failure of giowth of 
rats results, and the authois expressed the belief that this factor may 
explain the difficulty which previously has been encounteied in the 
use of synthetic rations A fat-soluble substance has been found by 
Goettsch and Pappenheimer to be essential for chicks , they have 
found that absence of this substance leads to lesions of the neivous 
system While the deficiency state produced is similar to that result- 
ing from absence of vitamin B^, this new factor is fat soluble, whereas 
vitamin B4 is water soluble 

Zinc — Evidence that zinc is indispensable for rats has been dem- 
onstrated by Elvehjem and his colleagues Lack of this metal leads 
to retardation of giowth and inteiference with development of a noi- 
mal coat of hair In man the only definitely known relationship of 
zinc to health is m its 1 elation to the piolongation of action of insulin 
li on — Anemia attributable to nutritional deficiency of iron is of 
common occurrence Muiphy^^^ has emphasized the fact that hypo- 

133 Quick, A J The Coagulation Defect in Sweet Clover Disease and the 
Hemorrhagic Chick Disease of Dietary Origin, Am J Physiol , to be published 
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chromic anemias are true deficiency diseases and are attiibutable to 
an inadequate supply or inadequate utilization of iron This may come 
about as a result of loss of iron, as m cases of chronic hemorrhage, 
from insufficient intake or absorption, or from unsatisfactory utiliza- 
tion, about which little is understood 

In their studies of the utilization of iron m experimental anemia 
of dogs, Whipple and Robscheit-Robbins have come to the conclu- 
sion that iron given intravenously will return quantitatively as newly 
formed hemoglobin on the basis of 10 mg of iron for 3 Gm of hemo- 
globin The influence of iron when given by mouth on production 
of hemoglobin is not propoitional to the dose The optimal dose of 
iron (40 mg per day for two weeks, or 560 mg ) gives a return of 
about 55 Gm of hemoglobin and amounts to 35 per cent utilization 
With larger doses of iron, for example, 400 mg daily, the daily output 
of about 95 Gm of hemoglobin represents about 5 per cent utilization 
These observeis found that non salts are utilized with equal facility 
by the dog to produce hemoglobin when given by mouth in the ferrous, 
ferric or reduced state The determining factor is the amount of metal- 
lic lion Interesting studies on the absorption of iron in the dog have 
led Scheunert and Bruggemann to the conclusion that reduced iron 
is absorbed better than is iron in colloidal form In their dogs with 
ileal fistulas they found that more than 66 per cent of the iron given 
in various preparations was usually absorbed 

Interference with absorption of iron by some patients who have 
achlorhydria has been known to be a cause of hypochromic anemia 
Apparently the hydiochlonc acid m gastric juice is an important aid 
in absorption of iron In this connection the studies of Kellogg and 
Mettier,^^° on the effect of alkaline therapy in relation to utilization 
of dietary iron and to regeneration of hemoglobin in cases of peptic 
ulcer, are worthy of note While they studied only a small number of 
patients, the results indicated clearly that the bone marrow of patients 
undergoing alkaline therapy failed to respond to the ingestion of 
dietary iron as determined by production of hemoglobin When the 
alkaline regimen was discontinued, increase in the concentration of 
hemoglobin occurred In contrast, increase in the number of erythro- 
cytes and 1 eticLilocytes occurred soon after the addition of iron-nch 
diets to the alkaline regimen The likely conclusion is that alkalini- 

138 Whipple, G H , and Robscheit-Robbins, F S Iron and Its Utilization 
n Experimental Anemia, Am J M Sc 191 11-24 (Jan ) 1936 

139 Scheunert, A , and Bruggemann J Ueber Eisenresorption bei Ileum- 
fistelhunden, Nutrition Abstr & Rev 5 1031-1032 (April) 1936 
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2 ation of the upper pait of the gastro-intestmal tract interferes with 
utilization of dietary iron for the synthesis of hemoglobin but not 
with the utilization of material necessary for the formation of the 
stroma of erythrocytes 

The success with which iron can be used in the pievention of 
hypochromic anemia during pregnancy is suggested by the observations 
on 200 women during the last four months of pregnancy by Corngan 
and Strauss Twenty-four of 100 patients to whom non was not 
given had values for hemoglobin loi less than 70 pei cent post partum 
On the other hand, none of the 100 women who received 0 5 Gm 
of fei rolls sulfate daily during the last four months of pregnancy 
had less than 70 per cent of hemoglobin post partum 

PREGNANCY AND LACTATION 

In an interesting review of recent work on dietetics in which the 
attempt was made to correlate and assess requiiements for various 
dietary essentials during pregnancy and lactation, Garry and Stiven 
pointed out certain conclusions which should be of practical value in 
the future It was clearly emphasized that present knowledge does 
not permit categorical statement of the amounts of the various dietary 
essentials which are requiied for correct nutrition during these peiiods 
of physiologic activity General principles are still the guide-posts 
However, standards have been set by the League of Nations Health 
Committee (Technical Commission) , and although these standards 
are high, they are probably necessary, and, as the authors pointed 
out, the evidence from dietary surveys indicates that many dietaries 
may fall far below these standards Since during pregnancy and 
lactation the mateinal organism is subjected to special demands which, 
in a sense, may be considered efficiency tests, it seemed logical to Garrj 
and Stiven that dietary deficiencies in a population are likely to be 
evidenced more cleaily among pregnant and nursing women 'than 
among the general adult population From the practical standpoint, 
as Mcllroy has intimated, the real solution lies in the kitchen rather 
than in the laboratory or hospital ward 

The collected data indicate that under ordinary circumstances diet 
has little effect on birth weight, this seems to depend more on the 

141 Corrigan, J C , and Strauss, M B The Prevention of Hypochromic 
Anemia in Pregnancy,- J A M A 106 1088-1090 (March 28) 1936 

142 Garry, R C , and Stiven, D A Review of Recent Work on Dietary 
Requirements in Pregnancy and Lactation, with an Attempt to Assess Human 
Requirements, Nutrition Abst & Rev 5 855-887 (April) 1936 

143 Technical Commissioner’s Report on Phvsiological Bases of Nutrition, 
League of Nations Health Committee, quoted by Garry and Stiven 

144 Mcllroy, L, and others Discussion on Diet in Pregnancy, Proc Roy 
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growth impulse of the child and on the mother’s constitution than 
on the mothei’s intake of food Little information is available about 
the effect of variation m piotem content of the diet in pregnancy 
The impression seems to be general that excess of pioteins, or of 
particular proteins, is harmful, and lestnction of intake of meat 
IS advised rathei widely during pregnancy, Strauss has pioduced 
evidence that a diet low m protein may m some cases be the cause of 
toxemia of pregnanc} He has lepoited successful tieatment m some 
cases with a diet high m protein supplemented by vitamin and 
liver The Technical Commission (League of Nations) has advised an 
intake of protein during pregnancy of 2 Gm for each kilogram of 
body weight, which seems high, m the early stages of piegnancy 
The requiiement of iron during pregnancy is variable A variety of 
factors, such as vomiting and mterfeience with absorption from hypo- 
acidity, may alter the i equirement Macy and Hunscher estimated 
the desirable intake as 20 mg of iron a day, and Coons and Coons 
discovered that the addition of wheat germ to a diet already providing 
20 mg of iron a day greatly increased the storage of iron The League 
of Nations (Technical Commission) has recommended the use of 
1 quart (1,000 cc ) of milk daily to satisfy the calcium requirement 
of the pregnant woman For lactating women the commission has 
recommended 2 Gm of calcium daily The requirement for vitamins 
is difficult to establish, but the commission has recommended 9,000 
U S P units of •vitamin A from 150 to 250 international units of 
vitamin B, from 870 to 1,120 international units of vitamin C and 340 
U S P units of vitamin D both during pregnancy and duiing lactation 

THE FREQUENCY, RECOGNITION AND TREATMENT OF 
DEEICIENCY STATES 

In the review last year some of the interesting phases having 
to do with the problem of nutrition of the people as a whole were 
discussed with particular refeience to malnutrition, the influence of 
the economic depression on dietary habits and intake and the poten- 
tialities of an adequate diet with refeience to the individual and the 

145 Strauss, M G Observations on the Etiology of the Toxemias of Preg- 
nancy Relationship of Nutritional Deficiency, Plypoproteinemia, and Elevated 
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lace As knowledge advances a much clearer conception is being gained 
of the qualitative and quantitative dietaiy requirements of man How- 
ever, the problem is a much greater one than simply an understanding 
of such requirements, for, as was pointed out in a recent inteiim repoit 
of a League of Nations committee,^*® agricultural, economic and health 
aspects are equally important It is stated that “the evidence that 
inadequacy of diet is widespiead is conclusive, malnutiition is manifest 
in prevalence of rickets, scurvjq poor musculature, teeth of poor 
structure, anemia, chronic fatigue, poor condition of the skin, and sub- 
normal growth and weight to mention the most easily obseivable symp- 
toms ” Emphasis is placed on the well known fact that protective 
vitamin-contaiiimg foods are expensive and, theiefore, fiom the 
economic standpoint the gieatest single cause of defective nutrition 
IS poverty The importance of nutrition as a part of medicine is clearly 
demonstrated by the establishment of a section of nutiition by the 
British Medical Association 

The influence of the depiession on the nutrition of the Ameiican 
people has been analyzed recently by McLester He has approached 
the problem from the standpoint of “{a) the weight and the increment 
of gam among school children, as recorded before and after the depres- 
sion, (b) the weights of the employed and unemployed among work- 
ing men togethei with estimates of fitness, (c) the testimony of 
welfare agencies, and (d) the clinical observations of a selected group 
of physicians ” He expressed the belief that, on the whole, the figures 
suggested that the nutritive state of the American school child has 
not suffered during the depression and that there has been no wide- 
spread undernutrition among the general population The incidence of 
deficiency diseases, as observed by a group of clinicians throughout 
the country, shows slight if any increase, with the possible exception 
ot a few areas McLester expressed the belief that these good results 
are largely attributable to education 

While It seems evident that the incidence of clearly recognizable 
deficiency states has not increased appreciably, there has been much 
discussion of the incidence of occurrence of partial deficiencies, the 
diagnosis of which depends m large part on keen and critical observa- 
tions, on chemical or pathologic studies and on other laboratory 
methods Minot expressed the belief that such borderline states 
of nutritional instability are more common than usually is appreciated, 
since there is a wide zone between optimal nutrition and the level 
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at which classic symptoms of recognized deficiency states develop 
The use of chemical methods, particularly of those which pennit 
estimation of the vitamin content of the urine, blood and other tissues, 
opens up an entirely new field m the recognition of deficiency states, 
although interpretation of results is still of questionable diagnostic 
significance 

In each section earlier m this review note has been made of methods 
of recognizing specific deficiency states It is impoitant to remember 
that deficiency states may occur alone or m association with other 
diseases, that a caiefully taken dietary history may be of considerable 
value and that, with the use of puie preparations of vitamins, a thera- 
peutic trial may aid m establishing the diagnosis 

In his efforts to recognize deficiency states the clinician must pay 
particular attention to the types of patients who may be expected 
to suffer from such conditions Deficiencies may result from a variety 
of causes other than an inadequate diet All the following factors 
may be significant in predisposing to deficiency increased lequire- 
ments dining periods of rapid growth, pregnancy, infections and fever 
and when the metabolic rate is elevated, loss of abnormal quantities 
of essential substances (for example, by vomiting or diarrhea), 
impaired or altered gasti o-mtestmal function, and alteration in the 
metabolism of the vitamins (for example, m storage, destruction and 
utilization) Of these various factors, the most important from the 
standpoint of frequency are a diet that is inadequate because of pov- 
erty, because of faddism or, at times, because of treatment of disease 
and alteration m gastro-mtestmal function (see the following 
comment) 

In the treatment of deficiency states the most important factor 
IS a well balanced, adequate diet which can be supplemented when 
necessaiy by preparations containing vitamins m concentrated form 
Too much emphasis cannot be placed on the value of giving vitamins 
m a natural state This is particularly true m relation to components 
of the vitamin B complex Crystalline preparations of vitamin Bj are 
of undoubted value in specific conditions, but because of the uncer- 
tainty of the number of components of the vitamin B complex which 
are necessary for normal health, it seems wise to supplement in most 
cases and except under conditions of experiment, the adininisti ation 
of the crystalline product with preparations such as brewers’ yeast 
or wheat germ, which contain all the essential components 

If vitamin preparations can be successfully given orally, this seems 
the most desirable method of administration because it approaches 
the normal Intramuscular and intravenous routes of administration 
have given more rapid response m some cases The minimal leqmre- 



WILDER-WILBUR— NUTRITION 


551 


ment of each vitamin has not been clearly established, and expeiience 
has shown the wide zone which may exist between minimal and opti- 
mal lequirements Optimal levels are probably ideal levels For 
therapeutic purposes, doses much largei than optimal lequnements 
may be used So far as is known, vitamin D is the only vitamin which 
in laige doses can produce toxic effects 

Vitamin A can be administered in a variety of foods, eithei those 
which contain the elements in the form of the vitamin or as carotene 
Caiotene is not as well absorbed as vitamin A, and consequently in 
most circumstances the vitamin is the more satisfactoiy pieparation 
to use Pieparations of vitamin A for parenteral use have not pioved 
sati'^factory, but crystalline carotene can be used as a substitute Fish 
liver oils, paiticularly those of the halibut, cod and buibot, aie rich 
souices of vitamin A for therapeutic use 

The vitamin B complex can be given in the form of brewers’ yeast 
or heat germ Concentrates of vitamin , liver extract, which is 
high in vitamin B 2 (G) content, and crystalline vitamin B^ (now 
synthetically piepared) are all useful The crystalline preparation can 
be used parenterally in theiapeutic doses of fiom 10 to 20 mg daily 
In the tieatment of pellagra Spies has emphasized the importance 
of giving large doses of yeast or wheat germ and has recommended 
from 75 to 100 Gm daily 

Vitamin C can be given 111 the form of citrus fiuit 01 tomato juice 
or in ciystalline preparations by mouth or intravenously The daily 
requirement lies probably between 30 and 50 mg , and therapeutic 
doses range from 50 to 200 mg daily 

For the child the Council on Foods of the American Medical Asso- 
ciation recommends the daily use of 2 teaspoonfuls of cod liver oil 
(N N R, 1936) for a satisfactory intake of vitamins D and A 
Iriadiated milk, viosterol and irradiation of the skin are all good 
therapeutic sources of vitamin D F^or dosages reference may be made 
to the articles of Jeans and of Shelling and Hopper The Council on 
Pharmacy and Chemistry of the American Medical Association has 
taken a firm stand against the use of “shotgun vitamin theiapy” 
Absence of evidence of the value and safety of such piepaiations and 
the frequent lack of necessity of taking them are emphasized Shoddy 
diagnosis and treatment of actual and suspected deficiency disease 
should, by all means, be avoided if rapid and clearcut progress is to 
be made m this important field 

151 Spies, T D Treatment of Pellagra, JAMA 104 1377-1380 (April 
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THE GASTRO-INTESTINAL TRACT IjST RELATION TO 
DEFICIENCY DISEASES 

The relationship between gastro-mtestmal distuibances and defi- 
ciency states may be a reciprocal one It has been clearly established 
that abnormalities of the tract may lead to deficiency states, and it 
IS equally certain that deficiency states may lead to pathologic changes 
m the gastro-mtestmal tract Under certain conditions it is not clear 
which of the two comes first in a given case or whether the}^ may 
be independent parts of the clinical picture 

Alterations in gastro-mtestmal function which may produce a defi- 
ciency state have been classified by Wilbur and Snell as follows 
(1) inadequate intake of food (attributable to anorexia, incomplete 
diet and so forth) , (2) loss of essential secretions or of food (attribu- 
table to vomiting, dial rhea or external fistula) , (3) lack or decreased 
production of essential substances (for example, of hematopoietic 
factors, bile and digestive juices), and (4) inadequate intestinal 
absorption (attributable to obstruction, short-circuiting produced by 
a gastro-mtestmal fistula, atrophy oi disease of the intestinal mucosa) 
Numerous cases illustrating these points have been reported m the 
past year Perhaps the most interesting have to do with the influence 
of lack of bile on the absorption of vitamin A (see section on vita- 
min A) Bissell and Andrews have made extensive studies of 
acholic cachexia in dogs and have reported that anemia, osteoporosis 
and gasti oduodenal ulceration did not develop The lives of the dogs 
were not prolonged by subcutaneous administration of vitamin D 
The investigators concluded that acholic cachexia is not attributable 
to absence of bile from the intestinal tract, with consequent inability 
to absorb any specific food or vitamins Klodt expressed the belief 
that bile facilitates absorption of vitamin C m the small bowel by 
considerably retarding oxidation of dilute solutions of vitamin C 
The effect of achlorhydria on gastro-mtestmal function has been 
widely explored In the past year Einhauser has pointed out that 
utilization of test doses of vitamin C by patients with achlorhydria 
is disturbed because of inadequate absorption With Schroeder he 
reported a case of pernicious anemia with pigmentation of the face 
unaftected by treatment for peinicious anemia but promptly corrected 
by 300 mg of cevitamic acid given intravenously each day for four- 
teen days 

There has been much discussion of the effects on the gastro- 
intestinal tract of deficiency states Much of the work reported has 
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been based on animal experiments Attempts to prove nutritional 
deficiency as an etiologic factoi of such conditions as peptic ulcer 
generally have met with failure Hurst stated that he had never 
found any evidence for a nutritional origin of a gastro-intestinal dis- 
ease in England Stepp gave the opinion that deficiency of vita- 
min A may lead to a reduced hydrochloric acid content of gastric 
juice, interference with absorption and diarrhea McCarrison 
expiessed the belief that vitamin A deficiency leads to infections in the 
digestive tract A summary of the effect of deprivation of vitamin A 
on the gastro-mtestmal tract was presented by Robertson The 

close lelationship which may exist between components of the vita- 
min B complex and digestive function is illustrated by the accom- 
panying atrophy of the papillae of the tongue, anorexia, achlorhydria 
and hypotomcity and hypomotihty of the musculature, particularly of 
the small intestine In a study of the effect of vitamin deficiency 
on the gastric juice of 2 health}^ subjects, Alvarez and his co-workers 
did not find definite changes in concentration of hydrochloric acid 
or pepsin after six weeks Cvitamm-calory ratio of 1 2 instead of Cow- 
gill’s minimum normal of 18) Villaret and his associates,^®® m their 
study of the character of gastric disorders m the course of alcoholic 
polyneuritis, found achlorhydria and hypochloihydna with atrophic 
gastritis to be not uncommon Improvement in these abnormalities 
preceded improvement of the neuritis after treatment was instituted 
In rats Simpson could not find atrophy, ulceration or erosion of the 
gastric mucous membrane m vitamin deficiency He expressed the 
belief that many of the variable reports m the literature aie attributable 
to lack of uniformity m choice of animals and m dietary standards 
Changes m enzymes which may accompany vitamin B deficiency have 
been incompletely studied Kik, Sure and Buchanan have noted inter- 
esting changes which have been reported previously in this review (see 
section on vitamin B complex) Little is known of the effect of 
vitamin B, (G) deficiency on the intestinal tract, although the presence 
of the vitamin is thought to be necessary to maintain the mucosa in 
normal condition Absence of vitamin C was reported by McCarrison 
to lead to congestion, hemorrhage and ulcerating lesions 
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The remarkable effect of liver extract on hematopoietic function 
constitutes the outstanding therapeutic value of this substance in per- 
nicious and other macrocytic anemias That substances m liver extract 
may influence also gastro-intestinal function has not been well recog- 
nized In a recent report Jones, Benedict and Hampton^®® noted the 
gastroscopic, surgical and roentgenologic observations which they made 
in a group of 5 patients with pernicious anemia Following suc- 
cessful specific therapy of pernicious anemia, evidence of atrophy or 
hypertrophy of the gastiic mucosa tended to disappear, Jones, Bene- 
dict and Hampton expressed the belief that this effect was attributable 
not only to increased blood supply but also to epithelial change asso- 
ciated with successful treatment of a specific deficiency state, rather 
than to healing of a chronic inflammatory process In an equally 
interesting paper, Miller and Rhoads reported studies of the small 
intestine of a patient who had sprue without anemia Following injec- 
tion of liver extract there was a return toward normal form and 
function of the intestine, as was evidenced by roentgenologic study 
as well as disappearance of symptoms It is suggested that liver extract 
administered parenterally conditions the functional activity of the small 
intestine These reports are of particular interest because they tend 
to substantiate the belief of some workers that a close relationship 
exists between the hematopoietic factor of pernicious anemia and a 
factor similar to vitamin Bg but that the two are not identical 

The oral complications of chronic alcoholism which may be wholly 
or in part of nutritional origin have been discussed by Blankenhorn 
and Spies and have been noted previously m this review 

Although knowledge of intestinal absorption is still meager, atten- 
tion IS called to studies noted previously in the review which have 
to do with absorption of carotene, interference with absorption of 
vitamin A in pregnancy, absorption of vitamin B^ m dogs, absorption 
of vitamin D administered to infants in a variety of mediums and 
absorption of iron, particularly as it may be influenced by simultaneous 
administration of alkalis Interference with absorption of vitamin C 
in achlorhydria also has been noted 

In experimental work Irwin, Steenbock and Kemmerer^®^ have 
observed that rats with avitaminosis (from lack of vitamins A, B 

160 Jones, C M , Benedict, E B , and Hampton, A O Variations in the 
Gastric Mucosa in Pernicious Anemia Gastroscopic, Surgical and Roentgenologic 
Observations, Am J M Sc 190 S96-610 (Nov ) 1935 

161 Miller, D K , and Rhoads, C P The Effect of Liver Extract on the 
Small Intestine of Patients with Sprue, Am J M Sc 191 4S3-4S6 (April) 1936 

162 Irwin, Margaret H , Steenbock, H , and Kemmerer, A R The Influence 
of Vitamins A, B, or D, Anemia or Fasting upon the Rate of Fat Absorption in 
the Rat. J Nutrition 12 357-364 (Oct 10) 1936 
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or D) absorbed fat less rapidly than normal, but this was interpreted 
as a nonspecific effect The addition of these vitamins to the diet of 
normal rats did not increase their ability to absorb fats 

Attention should be called to interesting studies which have been 
made on the nature and relationship of sprue, idiopathic steatorrhea, 
celiac disease and pernicious anemia There is still much disagreement 
as to the nature of the intestinal, histopathologic and physiologic 
changes in these diseases It is not possible to discuss in detail all 
the evidence which has been presented in this controversy, and it is 
suggested that reference be made to the original articles Castle and 
his associates,^®® in an excellent study of 90 patients with sprue 
observed in Puerto Rico and Boston, pointed out that sprue, pernicious 
anemia and pellagra have many similar features, especially as regards 
the blood, gastro-intestinal system and nervous system They sug- 
gested that sprue is a deficiency disease closely i elated to pernicious 
anemia and that lack of intrinsic or extrinsic factors or failure of 
absorption of them is a significant etiologic factor Deficiency of iron 
in the diet also may be a factor 

On the other hand, Fairley who has studied 450 patients with 
tropical sprue m London and elsewhere throughout the world, 
expressed the belief that the disease is essentially different from per- 
nicious anemia, celiac disease and idiopathic steatorrhea He found 
sprue to affect many well-to-do persons who had been on an adequate 
diet, and he observed at postmortem examination no specific degen- 
eration or inflammatory change m the intestine He expressed the 
opinion that the phenomena of tropical sprue may best be explained 
in terms of a metabolic breakdown of the gastro-intestinal tract, char- 
acterized by defective absorption in the small intestine, with or without 
defective secietion of Castle’s intrinsic factor There is marked failure 
to absorb fat and often dextrose, moreover avitaminosis, when it 
occurs, IS a secondary phenomenon dependent on malabsorption or on 
a too restricted diet, self-imposed with the object of cure The disease 
responds to limitation of fat and administration of calcium without 
vitamin D Further evidence of impairment of carbohydrate metabo- 
lism in celiac disease has been presented by Ross,®^®® who has shown 
that liver extract may significantly influence carbohydrate metabolism 
by a factor possibly identical with Himsworth’s “insulin-kinase ” 

163 Castle, W B , Rhoads, C P , Lawson, H S , and Payne, G C Etiology 
ard Treatment of Sprue, Arch Int Med 56 627-699 (Oct ) 1935 

164 Fairley, N H Tropical Sprue with Special Reference to the Intestinal 
Absorption, Tr Roy Soc Trop Med & Hyg 30 9-32 (June) 1936 

165 Ross, C W Intestinal Aborption m Coeliac Disease, with Some Remarks 
on the Effect of Liver Extracts upon Carbohydrate Metabolism, Tr Roy Soc 
Trop Med & Hyg 30 33-50 (June) 1936 
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Rontgenkymographische Bewegungslehre innerer Organe Bj Pleikart 
Stumpf, M D , H H Weber, M D , and G A Leltz, M D Price, 42 marks 
Pp 516, with 447 illustrations and 1 celluloid grid Leipzig Georg Thieme, 
1936 

This book was written mostly by Stumpf, in other words, he was not merely 
the editor In the first 43 pages he takes up a discussion of what roentgen kymo- 
graphy IS, the methods of using it and the apparatus for taking kymograms and 
for viewing and measuring them He measures not only outlines but also variations 
in density, so that a time curve of the alteration of the thickness of an organ may 
be obtained He explains the distinction between surface kymography made with 
the grid moving and staircase kymographv made with the film moving He points 
out that each method has its uses The rest of the book is taken up ■with a dis- 
cussion of the uses of kymography for diagnosis m various parts of the body 
There are about 120 pages devoted to the heart in health and disease, and the 
movements of the heart are analyzed with regard to time and extent Many of 
Stumpf’s kymographs are timed by electrocardiograms He gives statistical 
averages for various chambers for various ages He also considers the effect of 
respiration 

One chapter is devoted to the shape of the kymographic curve for various disease 
conditions, and an explanation is given for each form However, on the whole 
the chapter seems empirical rather than theoretical, and it appears to be extremely 
practical 

There is a 10 page chapter on the pulsations transmitted to other organs than 
the chest, and then Weltz gives 30 pages on the thoracic aorta, which he considers 
a mere beginning of the study He also goes further into the matter of the effect 
of respiration on the movement of the heart This chapter overlaps somewhat a 
briefer discussion by Stumpf on pages 81 to 88 

Bohme gives 20 pages on a most interesting study, mostly experimental studies 
on animals, of the movements of the chambers and vessels and of the blood within 
them The demonstration was made by the injection of colloidal thorium diiodide 
and sometimes iodized poppy-seed oil into the blood stream It seems to me that 
this is a valuable method for investigations in physiology 

Weber gives 35 pages of discussion on the movements of the diaphragm, ribs, 
lobes of the lungs and bronchi in normal respiration 

Weltz contributes a 20 page discussion of pathologic respiration, especially in 
asthma 

Dong devotes 50 pages to respiration in the presence of disturbed musculature 
or innervation and in the presence of tumors of the lungs I received the impres- 
sion that this field of clinical investigation is difficult It is hard for me to evaluate 
which of his results may be clinically useful and which are only interesting 
demonstrations of the roentgen kymograph Disturbances by infiltrations and by 
interlobar pleural adhesions can be brought out in this and apparently in no 
other way 

Von der Weth gives a 32 page report on alterations m the breathing mechanism 
in pulmonary tuberculosis It seems possible that this information, attainable by 
no other method than roentgen kymography, may be of great importance as a 
guide to therapy, for instance, by showing the effect of interlobar adhesions in 
transmitting diaphragmatic movement into the upper lobe of the lung The 
demonstration of such an effect in a patient might easily be the determining 
consideration in deciding on section of the phrenic nerve 
There are 13 pages by Schoen on substernal goiter alone 
The alimentary tract receives only 80 pages I expect that this section will 
be considerably expanded in the future, although in this region, where movements 
are usually slow enough to be followed with the eye on the fluoroscopic screen, 
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I do not know how essential kymography may become for diagnostic purposes 
There is a 24 page chapter by Dahm on the esophagus The rest of the discussion 
of the stomach and duodenum is by Stumpf himself The analysis of peristaltic 
movements from roentgen kymograms is necessarily carried out in detail, for here 
where the movement consists of a peristaltic wave passing over a long organ, it 
IS not as easy to recognize its true nature by means of a kymogram as it is in the 
case of the heart, where the pulsation is more of the organ as a whole 

Stumpf’s discussions of the stomach and duodenum contain a good deal of 
investigation of normal physiology This is, of course, absolutely essential as a 
background for understanding any pathologic disturbance of motility It is still 
difficult to analyze the effects of the muscular coats and of the muscularis mucosae 

Twenty-five pages by Sack cover the urinary tract Peristaltic movement in 
the ureter is beautifully demonstrated 

There is a closing chapter of 6 pages by Neeff in w’hich he discusses the 
dangers from the heavy intensity of irradiation necessary to produce roentgen 
kymograms These exposures fall well within the limits of what is safe Never- 
theless, if the ovaries or testes are in the field, a single roentgen kymogram might 
under some circumstances be as large an exposure as should ordinarily be under- 
taken, 1 e , one should not advise a repetition of the examination In the chest 
there is much more leeway, so that a good man> roentgen kymograms can be 
taken of the heart and lungs without treading on ground that is at all dangerous 

On Deficiency of A Vitamin and Visual Dysaptation By C Edmund and 
S Clemmesen Price, 5 kroner Pp 92 Copenhagen Levin & Munksgaard, 
1936 

A considerable portion of the principal essay in this brochure is devoted to a 
detailed and critical study of the method employed for the determination of the 
power of distinction and its use in the detection of visual dysaptation (nyctalo- 
hemeralopia) Using various Tscherning neutral filters and a series of Snellen 
letters (6/36) of different shades of gray, with Bouguer-Fechner fractions varying 
m geometric progression, these investigators determined the power of distinction 
(logarithm of the reciprocal value of the B-F fraction) at different levels of 
illumination for groups of hospital nurses, pregnant women, and male and female 
patients selected at random Details are presented regarding the determination of 
correct B-F fractions represented by the gray letters used in order that powers 
of distinction may be indicated in absolute values, thereby making possible a 
comparison of the results of various investigators A number of pages are devoted 
to the experimental technic, errors of the method, determination of the normal 
curve and limits of normal zone, seasonal variations and the influence of age 

The ensemble of apparatus and methods used by the authors are suitable and 
doubtless adequate for clinical investigations Obviously, the findings by such 
methods are not to be regarded as determinations of the threshold of sensitivity 
to light, m which the foveal and peripheral retinal perception of light and the 
effects of adaptation may be determined However, investigations by others indi- 
cate a reduction in function of the central parts of the retina as well as of the 
periphery for white and colored light in hemeralopia To a certain extent visual 
acuity enters into the findings obtained by Edmund and Clemmesen and may give 
powers of distinction which are too low In general, determinations of the 
minimum visible, examinations of visual fields at reduced illumination and deter- 
minations of visual acuity under reduced illumination are somewhat unsatisfactoiy 
clinically, since they tax the intelligence of the patient or are not sufficiently sensi- 
tive to detect slight hemeralopia In certain respects, therefore, the determination 
of the power of distinction is the method of choice, since the estimation of how 
great the differences in brightness must be in order to be noticed is of importance 
in daily life 

The concluding portion of the essay and the appended article on the parenteral 
treatment with vitamin A of dysaptation (nyctalohemeralopia) in some pregnant 
women give details of treatment and tables of data regarding the power of dis- 
tinction before and after the administration of vitamin A A group of fifty-two 
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nurses m the Sundby Hospital, Copenhagen, were found to be normal m power 
of distinction, with a marked tendency to the lower limit of normalcy during the 
winter months A preventive diet containing from 1,500 to 2,000 U S P units of 
vitamin A is suggested and emphasis is laid on the inclusion of sufficient vegetables 
m the diet during the winter months Nearly half the forty-nine pregnant women 
tested for dysaptation showed a pathologic decrease in the power of distinction 
Intramuscular injections of a vitamin A preparation (containing about 40,000 
U S P units) produced a disappearance of dysaptation which lasted for about 
a week in the majority of cases In general these investigations showed the 
correlation between vitamin A deficiency and reduction in the power of distinction 
and demonstrated the improvement of function produced by the administration 
of the vitamin 

Applied Dietetics for Adults and Children in Health and Disease By 
Sanford Blum, M D Price, $4 75 Pp 408 Philadelphia F A Davis 
Company, 1936 

Blum’s book consists essentially of lists of foods which are advised for con- 
sumption and of foods which are to be avoided by persons with various conditions 
encountered m the practice of medicine The author presents lists which are 
captioned so that the physician has merely to find in the index of the book the 
condition with which he is concerned and then turn to an already prepared list of 
foods for his patient The presentation is divided into two parts , the first includes 
“Dietary for Adults m Health and Disease” and the second “Dietary for Infants 
and Children in Health and Disease ” There are a general index and an index 
by foods The diets are based on those the author employed “during a period of 
twenty years ” No references are made to the literature 

Each diet is generalized The foods are rarely expressed quantitatively and 
then only in general terms Brief suggestions and discussions are made in regard 
to diets and habits of eating While the diets are generalized in many respects, 
they are listed for specific types of patients and conditions For instance, the 
author has a diet for “chronic indigestion m middle aged adults,” for the “spare 
adult male — impaired digestion,” for the “spinster with impaired digestion,” for 
the “frail young mother,” for the “professional man” and for the “frail woman 
school teacher,” and there are many other diets specifically captioned The author 
uses a different diet for treating obesity in a “woman thirty-five years old” and for 
treating it in a “two-hundred-and-sixty-pound female clerk” No logical reasons 
are presented to warrant such minute differentiation The normal adult is advised 
to avoid such foods as duck, stew, tongue, goose, kidney, lobster, crab, beets, 
sprouts, sauces, gravies and many other foods which make up the average normal 
person’s diet If such commonly consumed foods are to be avoided, the author 
should at least present reasons Again, he advises a "professional man” suffering 
from malnutrition to drink a “glass of water with a teaspoonful of salts, on 
arising” Why such a practice^ The term salts is indefinite in itself 

The book contains a list of foods which leaves the reader wondering why any 
one of them is selected or eliminated The diets as listed cannot be intelligently 
prescribed, nor can they aid the physician in understanding his diet problems 
Such a list of foods fosters the use of diets for placebo rather than for therapeutic 
purposes The book can be of little use to the medical profession 

La tension mediana dmamica By Angel Cammarota Pp 170 Buenos 
Aires El Ateneo, 1936 

In this monograph Cammarota makes a complete study of the “mean arterial 
tension” m relation to health and disease The mean arterial tension, as defined 
by the author, is that constant pressure which at a given time causes the body 
tissues to have the same energy as the variable tension in the vessels That 
pressure, so described, has no relation to the arithmetical mean pressure (one-half 
the sum of the systolic and diastolic values), and in order to make a distinction 
it IS called the mean arterial tension 
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After a preliminary use of several instruments the author chose for his studies 
the spring oscillograph devised by Frank Soler, of Argentine, and found that the 
mean arterial pressure varied extensively in different subjects who were apparently 
in good health, consequently no definite standard figures could be obtained 

Cammarota studied the mean arterial pressure in relation to aortic regurgita- 
tion, hypertension and hypotension, arrhythmia, aneurysm, vascular disturbance 
of the extremities and hyperthyroidism, presenting oscillograms taken at different 
intervals and complemented when possible with studies made months or even 
years after the original data were recorded He arrived at the conclusion that 
the mean arterial tension has no particular bearing on the diagnosis or prognosis 
in diseases of the heart and circulatory system 

The author found also that the mean arterial tension may vary considerably 
within a few minutes and established a definite relationship between it and the 
systolic and diastolic pressures, especially the latter Cammarota attributes differ- 
ences of opinion as well as many errors in experimental contributions to deficiency 
in the various instruments and devices now in use for studying this particular 
phase of the blood pressure 

Exophthalmic Goiter and Its Medical Treatment By Israel Bram, MD 
Foreword by R G Hoskins, PhD, MD Second edition Price, $6 Pp 
456, with 79 illustrations St Louis C V Mosby Company, 1936 

In this edition Bram has employed the same general plan as in the first edition 
(published in 1920) m presenting his subject He has, however, increased the 
scope of each phase of the disease so as to include material that has developed 
since 1920 Considerably more material is devoted to laboratory tests and case 
histones There are fifty-five case histones summarized in the last chapter The 
cases were chosen from the author’s files and are representative of his “personal 
experience with over five thousand cases of this disease observed within a period 
of twenty-five years ’’ The author continues to adhere to medical treatment as the 
only satisfactory form of therapy for exophthalmic goiter 

The foreword to this edition was written by R G Hoskins, Director of 
Research, the Memorial Foundation for Neuro-Endoenne Research of the Harvard 
Medical School, who believes that “there is a legitimate place for the partisan 
in the better sense of the term ’’ 

The improvements make the book a good survey of the disease from a clinical 
standpoint The author is an extremist on the medical treatment of exophthalmic 
goiter, but if the reader keeps that in mind when reading the book, he can derive 
a great deal of benefit from the discussion of the medical treatment of this disease 
This IS especially true for the radiologists and surgeons, who are inclined to 
neglect the medical and constitutional aspects of the disease when applying their 
forms of local therapy 

The Art o£ Treatment By William R Houston, M D Price, $5 Pp 744 
New York The Macmillan Company, 1936 

This IS a most interesting and attractive piece of work The author has 
attempted to write so as to stimulate intelligent thinking along therapeutic lines, 
and certainly he has gone far toward accomplishing this aim 

This book IS not a textbook on therapeutics in the ordinary sense, little emphasis 
being laid on drugs and their administration However, a great deal of independent 
reasoning and homely philosophy are put forth to drive home the facts that in 
successful therapy the patient rather than his disease must be treated, that vastly 
more is not known concerning treatment than is known concerning it and, finally, 
when all is said and done, that most therapeutic conceptions and plans are simple 
—success turning largely on doing simple things well rather than on carrying out 
elaborate procedures inadequately 

The book is divided into seven parts, and by all odds the longest part is that 
which deals with psychotherapy This long chapter is written sensibly and from 
an unprejudiced point of view The entire book is well and clearly written, so 
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that it makes interesting reading throughout, it is full of valuable hints and 
suggestions Surely a book of this type will have a successful career Not only 
is it useful for reference purposes, but it affords pleasant reading It is an 
admirable contribution toward describing what the art of medical practice amounts 
to Medical students, practicing physicians and teachers will all enjoy it 

Endocrinology in Modern Practice^ By William Wolf, MD, PhD Price 
$10 Pp 1018, with 252 illustrations Philadelphia W B Saunders Com- 
pany, 1936 

In discussing another book on endocrinology m these columns several years 
ago the reviewer raised the question of whether any one man could deal adequately 
with this subject m its present state, it seemed then that the special knowledge 
of the trained gynecologist, internist, chemist, physiologist and biochemist which 
had to be synthesized was outside the scope of individual effort That this point 
of view IS on the whole sound is proved by the character of most of the endo- 
crmologic texts the books written by those who have worked on the experimental 
side are usually pitifully defective as to clinical discussion, while those written 
by clinicians insult the reader with a hash of pseudoscientific physiologic and 
chemical nonsense Nevertheless, in the present instance Dr Wolf has largely 
surmounted these objections and must be given full and free praise for having 
produced a really first class all-around book The style is pleasant and lucid, 
the reasoning is conservative, the clinical descriptions are excellent and, above 
all, the summaries of fundamental physiologic knowledge of the endocrine glands 
are m the best possible accord with recent studies Here at last is a safe and 
useful book, free from the “hokum” of the side-show 

Anales del centro de mvestigaciones tisiologicas By Prof Roque A Izzo 
Pp 175 Buenos Aires La Semana Medical, 1935 

In the preface of this symposium on tuberculosis the ideals of Dr Carlos A 
Bruchman, senator and physician, are set forth He conceived the idea of an 
institution in Buenos Aires the aim of which would be the study of tuberculosis 
not m general but as found m that community He felt that such an institution 
should study the problems of tuberculosis with special reference to the particular 
social strata, geographic location, habits, foods and racial admixtures found in 
that particular community He aptly expressed himself by saying “not tuberculosis 
in general but our tuberculosis ’ should be studied 

The fruit of his idea is this initial volume covering the years 1934 and 1935 
Under the direction of Prof Roque A Izzo this first volume deals with the 
problems of tuberculosis found in the center There are a considerable number 
of case reports, and these do not lack for illustrations of excellent quality The 
results obtained with phremcectomy and thoracoplasty compare well with results 
reported elsewhere Other chapters of interest are those dealing with unusual 
cases of diabetes complicating tuberculosis and albuminuria m pulmonary tuber- 
culosis There are a considerable number of statistical tables 

The Thyroid By E P Sloan, M D Price, $10 Pp 475, with 99 illustrations 
Springfield, 111 Charles C Thomas, Publisher, 1936 

This handsome monograph is somewhat disappointing Most of it is a com- 
pilation, put together m a rather uncritical and disjointed style, of material that is 
readily available m the current literature One is given the impression that everj- 
thing leads up to the chapter on surgery Here technic and procedure are dis- 
cussed m detail, and there are some excellent colored plates of the surgical anatomy 
of the thyroid region The author properly stresses his own methods, but the final 
picture of the incision closed by clips, with a dram protruding from the center 
of the wound, is a shock to those familiar with Halsted’s beautiful “silk technic” 
The reviewer fails to see the point of the reproduction on the title page of the 
bronze cast of Dr Sloan’s hands 
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RETENTION AND UTILIZATION OF ORALLY 
ADMINISTERED IRON 

W M FOWLER, MD 

AND 

ADELAIDE P BARER, PhD 

IOWA CIT\ 

Although theie is a voluminous hteiatuie on both non balances and 
hypochiomic anemia, no systematic study has been made to determine 
the amount of non retained by patients with anemia who lecovei after 
the administiation of massive doses of non We wish to piesent the 
lesults of such studies of patients with hypochiomic anemia who were 
given large amounts of iron by mouth 

The effectiveness of non in the tieatment of hypochiomic anemia 
has been repeatedly demonstrated, and failure to obtain the expected 
therapeutic response is usually due to a complicating infection or to the 
employment of a suboptimal amount of iron It has been recognized, 
however, that the intake of non is greatly in excess of the amount 
letamed or utilized by the body, and Heath, ^ in confiimation of this 
view, has shown that only 3 4 pei cent of the iron administeied oially 
IS utilized in the production of hemoglobin during the period of recoveiy 
fiom anemia A highei peicentage of utilization was observed early 
in the period of recoveiy and also when small amounts of non weie 
administered His lesults weie obtained by compaiing the intake of 
iron to the amount of iron m the new-formed hemoglobin, assuming that 
the blood volume was 5 liters in each patient Heath, Strauss and 
Castle^ found that with parenteial administration the peicentage of the 
non utilized in the formation of hemoglobin varied from 69 to 154, 
with an average utilization of 96 per cent, so that non which is given 
b} this loute coiiesponds closely to the amount gained in the circulating 

Supported in part bv a grant from Eh Lilly & Co 

From the Department of Internal Medicine, the State University of Iowa 

This work was begun in association with Dr C W Baldridge, who died on 
Nov 22, 1934 

1 Heath, C W Oral Administration of Iron in Hypochromic Anemia, 
Arch Int Med 51 459 (March) 1933 

2 Heath, C W , Strauss, M B , and Castle, W B Quantitative Aspects 
of Iron Deficiency in Hvpochromic Anemia, J Clin Investigation 11 1293 (Nov ) 
1932 
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hemoglobin These results do not account for replacement of the 
diminished stoies of non in the bod), and it seems reasonable to assume 
that at least a portion of the intake of iron is utilized foi this purpose 
Hahn and Whipple “ have shown that the reserve storage of iron in 
the dog can be exhausted within two or three months by continuous 
anemia produced by withdrawal of the blood A similai depletion of 
the stores of ii on is probable in the human being af tei a chronic loss of 
blood and possibly in idiopathic hypochromic anemia 

It must be recognized that experiments on the non balance do not 
furnish a complete story of the utilization and absoiption of iron 
This method of study does not distinguish between that portion of the 
iron which passes unchanged thiough the gastro-intestmal tract and 
that which has been utilized and reexcreted into the bowel Methods 
for the quantitative determination of the iron content of food and 
excreta aie numerous because none is peifect, and it was this lack of 
a uniformly acceptable method that led to much difficulty in the deter- 
mination of the balances of non when small amounts of this metal were 
involved In studies, such as we are presenting, in which the amounts 
of iron administered are very large, the usual sources of error are of 
less significance 

METHODS 

Iron and ammonium citrates was selected for use in this investigation because 
of its known potencj m the treatment of these tjpes of anemia It was admin- 
istered as an aqueous solution of the brown scales, 15 grains (1 Gm ) three times 
daily, equivalent to approximately 500 mg of metallic iron per day One patient 
(case 5) received a solution of the green scales, which contained a somewhat 
smaller amount of iron No distinction was made as to the presence or absence 
of hydrochloric acid in the gastric contents, since we were concerned primarily 
with the amount of iron retained and utilized by the body 

Loss of menstrual blood was encountered in five of the nine women during 
the studies The amount of iron lost in the menstrual flow w'as regarded in the 
calculations as eliminated iron, so that the positive balances represent the iron 
retained in spite of this loss 

The subjects selected for these metabolic studies were patients wuh a micro- 
cytic hypochromic type of anemia, and a brief summary of the clinical hematologic 
and laboratory data is given m tables 1 and 2 Balance periods were of six days 
duration, and m each case the control period was preceded by a three day period 
of adjustment on the balance diet before observations w'ere begun The balance 
periods ran continuously except in case 1, in which there was an interval of fifty 
days betw’een the fifth and the sixth period and m case 2, in which there was 
an interval of twenty-four days between the third and fourth period Carmine 
was used to mark the stools at the beginning and at the end of each balance 
period 

Three standard diets w'ere adjusted to contain 1 Gm protein per kilogram of 
bod\ weight and a caloric intake of about 150 per cent of the basal requirements 

3 Hahn, P F and Whipple, G H Iron Metabolism Its Absorption, 
Storage and Utilization in Experimental Anemia, ^m J M Sc 191 24 (Jan ) 
1936 
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The ratio of acid to base in the diet was approximately 12 3 The compositions 
of the three standard diets, as found by anaWsis and by calculation from the tables 
of Rose,"* were almost identical, so that m computing the iron balances the iron 
in the food was determined by calculation from these tables rather than by analysis 


Table 1 — Data foi Patients tvitJi Anemia 


Patient Age 

Sex 

Diagnosis 

Clinical Peaturcs 

1 

20 

P 

Hypochromic anemia, 
menorrhagia 

Kepeated severe uterine hemorrhages for 6 
years, hemorrhage from temporal artery after 
an injury, hypochlorhydria 

2 

47 

M 

Hypochromic anemia, 
marginal ulcer 

Peptio ulcer for 15 years rvith several severe 
hemorrhages, gastroenterostomy performed 
but bleeding persisted, koilonychia 

3 

40 

r 

Hypochromic anemia, 
menorrhagia 

Menorrhagia for 4 years, relieved by applica 
tion of radium 7 months before balance 
studies, hypochlorhydria 

4 

49 

p 

Hypochromic anemia, 
menorrhagia 

Climacteric bleeding, dilation and curettage 
of uterus shoived normal endometrium 

5 

37 

p 

Hypochromic anemia 
atrophic arthritis 

No abnormal loss of blood, dysphagia, hypo 
chlorhydna, atrophy of tongue, anemia more 
severe than in ordinary arthritis and responded 
to iron 

6 

38 

p 

Hypochromic anemia, 
steatorrhea 

No abnormal loss of blood, frequent, profuse, 
bulky stools since age of 15 sore mouth and 
atrophic tongue, koilonychia, dysphagia, 
hypochlorhydria 

7 

39 

p 

Hypochromic anemia 
of pregnancy 

Eight pregnancies, no abnormal loss of blood, 
hemoglobin, 55 per cent prior to last delivery 

8 

32 

p 

Hypochromic anemia 
(idiopathic) 

No history of abnormal loss of blood, ade 
quate diet, atrophic tongue, koilonychia, 
splenomegaly, hypochlorhydria 

9 

44 

p 

Hypochromic anemi i 
(idiopathic) 

Djsnhagia, no abnormal loss of blood 
atrophic tongue, koilonychia latent 
syphilis, achlorhydria 

10 

So 

p 

Hypochromic anemi i 
(idiopathic) 

Dysphagia, atrophic tongue, no abnormal 
loss of blood achlorhjdria 


Table 2 — DatOi joi Patients zvifJi Anemia'^ 



Hemo 

Hemato 

Erythro 





Basal 


globin. 

crit. 

cytes. 

Color 

Volume 

Saturation 

Gastric 

Metabolic 

Patient 

% 

% 

% 

Index 

Index 

Index 

Acidity 

Rate 

1 

30 

48 

69 

0 43 

0 70 

0 62 

Low 

— 8 

2 

10 

15 

29 

0 34 

0 51 

0 66 

0 

— 1 

3 

54 

69 

109 

0 50 

0 60 

0 78 

0 

— 4 

4 

75 

72 

95 

0 78 

0 75 

104 

Normal 

■+■ 0 

5 

40 

68 

90 

0 44 

0 76 

0 60 

Low 

— 6 

6 

39 

60 

101 

0 39 

060 

0 65 

Low 

—11 

7 

39 

61 

102 

038 

0 59 

064 

0 

+ 7 

S 

42 

68 

84 

0 50 

0 80 

0 62 

Normal 

+10 

9 

44 

65 

SI 

0 54 

084 

0 67 

0 

— 6 

10 

32 

52 

76 

0 42 

0 63 

0 02 

0 

—20 


* The percentages ivere calculated from the normal values of Osgood (A Textbook of 
Laboratory Diagnosis, ed 2), Philadelphia, P Blakiston's Son & Go , 1935, p 420 


of the food These diets were alternated during the six day periods The food 
did not come in contact with metal during its preparation, except occasionally 
with aluminum The drinking water, which contained less than 0 1 mg of iron 

4 Rose, Mary S Laboratory Handbook for Dietetics, ed 3 New York, 
The Macmillan Company, 1929 
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per liter, was not considered in calculating the balances The iron content of tlic 
iron and •ammonium citrates and other medications was determined by analysis 
All excreta were carefully collected and stored in glass or porcelain-lined con- 
tainers, and all possible precautions were taken to pre\ent contamination 

Nitrogen was determined by the Kjeldahl method and phosphorus by the 
method of Fiske and Subbarow ^ All determinations of iron were made in tripli- 
cate by the method of Reis and Chakmakjian,^ and the accuracy of this method 
was repeatedly i erified by the recovery of added iron from representative specimens 
The hemoglobin content was determined by the Newcomer method" and the 
hematocrit values by the method of Van Allen s Erythrocj'te, leukocyte and 
reticulocyte counts and hemoglobin and hematocrit determinations were made 
daily or on alternate days Differential leukocyte counts were made during each 
balance period 

RESULTS 

The contiol peiiods in these cases aie open to all the ciiticisms that 
obtain in iron balances undei physiologic conditions The diet contained 
from 9 to 12 mg of iron per day, and on this approximately normal 
intake six patients were m negative and four in positive iron balance 
The patient who presented the lowest negative balance (patient 2) was 
losing a small amount of blood continuously from a gastrojejunal 
ulcer, which would tend to lowei the iron balance and to account 
partially for this extremely low result Patient 7 leceived 168 6 mg of 
iron by mistake on the last day of the control peiiod and during the 
six day period letained 106 8 mg She received the same diet which 
resulted m a negative or a slightly positive non balance m the othei 
jiatients, so that most, if not all, of the letamed non came from the 
single dose of non and ammonium citiates 

Retention — With the administration of iron and ammonium citrates 
these patients retained a supiisingly laige amount of iron The 
complete results of the studies are given m table 3 and a summary of 
the retention of iron b) periods in table 4 The first patient retained 
6,760 5 mg of iron in forty-eight davs, and patient 9 letained 8,8544 
mg m twenty-foui da3S The greatest retention occurred in the first 
and second periods of the administration of non, with a decreased 
retention in the subsequent ones In each of the second, third and fourth 
periods there was one patient in negative iron balance, but no patient 
presented this feature m more than one period Patient 1, whom we 

5 Fiske, C H , and Subbarow, Y The Colorimetric Determination ot 
Phosphorus, J Biol Chem 66 375 (Dec) 1925 

6 Reis, F, and Chakmakjian, H H Colorimetric Method for Quantitatnc 
Determination of Iron m Blood in the Form of Dispersed Prussian Blue, J Biol 
Chem 92 59 (June) 1931 

7 Newcomer, H S A New Optical Instrument for the Determination of 
Hemoglobin, J Biol Chem 55 569 (April) 1923 

8 Van Allen, C AI A.n Hematocrit Method J Lab & Chn Aled 10 1027 
(Sept) 1925 
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\\eie able to follo\\ b} means ot metabolic studies foi a total of nine 
SIX day periods, piesented some mteiestmg features An inteival of 
fifty da)''s elapsed between the fifth and the sixth balance period, duiing 
wdnch time the patient took non and ammonium citiates, 45 grains 
(3 Gill ) daily, except for a lapse of tliiee days In spite of this pro- 
longed period of admmistiation of non, she still showed a maikedly 
positive balance during the subsequent metabolic studies, and during 
the peiiod of obseivation alone she letamed 6 76 Gm of non How'^ long 
these laige amounts of non are letamed by the body we aie unable to 
say, but the continued stoiage at the end of ninety-eight days of the 
administration of non shows that it is more than a tiansient aftaii 
The expel lence with patient 6, who leceived non on the last day of 
the control peiiod, suggests that absoiption and letention aie lapid in 
spite of the dela} that occuis m the response of the hemoglobin It has 

Table A--4vaaqe Datlv hon Balauca (Mg) bv Pcnods 


Total 

Iron 


Pa 

Conti ol 

Period 

Period 

Period 

Period 

Period 

Period 

Period 

Period 

Bal 

tient 

Period 

1 

2 

3 

4 

5 

6 

7 

S 

ance 

1 

— 99 

+ 38 2 

+263 8 

— 43 5 

+ 34 4 

+09 2 

+304 3 

+204 5 

+196 

6,760 5 

2 

—17 7 

+ 93 0 

+103 0 

+337 8 

+ 101 6 





4,535 5 
2,702 7 

3 

—10 8 

+225 3 

+225 2 







4 

— 21 

+302 1 








2,173 0 

5 

+ 29 

+290 7 

+160 7 

+257 0 

—104 4 





3,624 4 

G 

+19 5 

+158 7 

— 58 

+ 04 8 






1,805 0 

7 

—no 

+181 4 








1,0SS2 

S 

+ 02 

+241 9 

+292 0 







3,203 2 

9 

+ 01 

+331 6 

+406 4 

+3ol 6 

+386 3 





8,854 4 

10 

— 78 

+255 9 

+300 4 

+248 9 

+239 5 





6,208 4 

Aver 

— 4 8* 

+217 9 

1-221 7 

+202 8 

+143 5 









* Exclusire ol cases 2 and o (see te\t) 


been stated b} Lmtzel ° that the letention of such laige amounts of iron 
IS pathologic and occuis onh because the duodenal mucosa has been 
damaged , but if this w-^eie tiue, suiely the absorption of 106 8 mg fiom 
a single dose of 168 6 mg of non could not have occuiied 

Uhhzation — The anemia m all cases lesponded well to the admin- 
istiation of non and ammonium citiates, and there was a giadual, 
although nregulai, mciease m the hemoglobin content of the blood 
The usual leticulocyte response was obtained Heath ^ has shown that 
the noimal lesponse of the hemoglobin to the administration of iron 
when the initial hemoglobin level is below 7 8 Gm pei hundred cubic 
centimeters is an increase of 0 16 Gm pei day An mciease of thi<; 
amount was obtained at times m ceitam patients, but in no instance did 
the average foi an entiie expeiimental period equal this figure (column 

9 Lmtzel W Neuere Ergebnisse der Erforschung des Eisenstoft'NechseL 
Ergebn d Pin siol 31 844 1931 
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5, table 6) The amount of non which Avas admimstied (non and 
ammonium citrate, 15 grains [1 Gm ] thiee times a day, giving 
appi oximately 500 mg of metallic non pei da}) was only half the dose 
regularly employed in clinical work and may be considered as sub- 
optional if judged by the results obtained by Heath Table 5 gives 
the average daily i espouse of the hemoglobin for all patients, togethei 
with the aveiage daily retention of non In the fourth period the 
lesponse of the hemoglobin was the gieatest, and it closely approximated 
the expected increase It is to be noted that theie Avas no correlation 
between the amount of non retained and the inciease m the hemoglobin 
content A summaiy of the non balances, the increase in the hemoglobin 


Table 5 — Average Daily lion Balance and Inocase m Hemoglobin Content 



Control 

Period 

Period 

Period 

Period 


Period 

1 

2 

3 

4 

Number of pitients 

8 

10 

9 

6 

5 

Average daily iron balance, mg 

Average dailv increase in hemoglobin 

-4 8 

+217 9 

+225 7 

+202 8 

+143 5 

valu°, Gm per 100 Cc 


OOSS 

0111 

0 050 

0157 



T ABLE 6 — 

Data on 

Retained 

lion UiilKcd as 

Hemoglobin 



Average 

Daily 

Iron 

Balance, 

Mg 

Total 

Intake 

of 

Iron, 

Gm 


Average 
Original Dailj 
Hemo Hemo 
globin, globin. Gain 
, Gm per Gm per 

100 Cc 100 Cc 

Total 

Hemo 

globin 

Gam, 

Gm 

Iron 

Retained 
Iron 
Utilized 
us Homo 
globm, 

% 

Pa 

tients 

Total 

Iron 

Retained; 

Gm 

Re 

tamed, 

% 

Used as 
Hemo 
, globm, 
% 

1 

140 8 

24 773 

6 760 

4 34 

01130 

272 00 

27 8 

3 20 

11 80 

2 

189 0 

12 436 

4 535 

1 55 

0 0416 

50 00 

36 4 

1 20 

3 30 

3 

225 2 

6189 

2 702 

7 68 

01170 

70 50 

43 6 

3 41 

7 82 

5 

151 0 

11 456 

3 624 

508 

0 0920 

111 00 

31 6 

2 90 

9 20 

6 

72 6 

9 276 

1 305 

5 56 

0 0950 

85 80 

14 0 

2 77 

19 70 

8 

206 9 

6 231 

3 203 

6 01 

0 0560 

33 75 

51 4 

1 62 

3 16 

9 

368 9 

12 411 

8 834 

617 

0 0370 

4A 25 

713 

1 09 

1 53 

10 

261 2 

12 392 

6 268 

4 02 

01170 

141 50 

50 5 

3 42 

6 77 


content and the utilization of non is given in table 6 Since patients 
4 and 7 Aveie under observation for only one six day period of admin- 
istiation of non, a period too short to be of significance as far as 
the formation of hemoglobin is concerned, they Avere omitted from this 
table In calculating the iron utilized in the formation of hemoglobin 
we have assumed, as did Heath,^ that the blood volume m each instance 
Avas 5 liters Although this is only an approximation, it is sufficiently 
accurate so that the percentage of utilization based on this figure is of 
significance It is unfortunate that determinations of the blood volume 
Aveie not made for all the patients The total increase of the hemoglobin 
content m 5 liters of blood was determined from the hemoglobin gained 
pel hundred cubic centimeters The iron content of this hemoglobin 
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^\as designated as the non utilized in the formation of hemoglobin 
From this was calculated the percentage of the administered non and 
of the retained iron which u as so utilized 

The peicentage of iron retained by the body vaiied fiom 14 to 71 3 
per cent of that administeied by mouth This was highest in the cases 
of idiopathic hypochiomic anemia (cases 8 to 10), but the difterence 
between the lowest letention in this gioup and the highest letention in 
the others was so slight that its significance is doubtful The average 
letention foi the entiie ^loup was 32 6 pei cent 

The peicentage of administered non that was utilized m the foiina- 
tion of hemoglobin varied fiom 1 2 to 3 42, with an average of 1 96 per 
cent This is definitely lower than the average of 3 4 per cent found 
by Heath The peicentage of retained non that was utilized as 
hemoglobin vaiied from 1 53 to 19 7, with an average of 6 32 pei cent 
This indicates that by fai the laigest part of the iron which is letained 
within the body is deposited m some foim other than hemoglobin in the 
blood 

There was no correlation between the original hemoglobin level and 
the amount of iron retained or the peicentage utilized, and the type of 
anemia had no bearing on these lesults 

The aveiage daily nitrogen balance foi all patients duiing the contiol 
peiiods was plus 018 Gm , and with the administiation of iron it 
inci eased to plus 1 32 Gm pei day The phosphorus balance increased 
fiom plus 0 07 Gm m the control periods to plus 0 19 Gm during the 
administration of non This is not in accord with the lesults of animal 
experimentation, which suggest that the daily administiation of iron 
leads to a deciease m the phosphorus content of the blood 

The total leukocyte and differential counts showed no significant 
changes duimg iron therapy 

COMMENT 

A summaiy of the piesent concept of non metabolism is as follows 
Absoiption of iron administeied by mouth takes place throughout the 
entire gastio-intestmal tract but occurs mainly in the duodenum and 
m the uppei portion of the small intestine The non is eliminated 
almost entirely through the gastro-mtestmal tract, chiefly through the 
colon The processes of elimination and absorption are reversible and 

10 Brock, J F , and Diamond, L K Rickets in Rats by Iron Feeding, J 
Pediat 4 442 (April) 1934 

11 (fl) Robscheit-Robbins, F S The Regeneration of Hemoglobin and 

Erythrocytes, Physiol Rev 9 666 (Oct ) 1929 {b) M’Gowan, J P The Absorp- 

tion and Excretion of Iron by the Intestines and the Nutritional and Therapeutic 
Value of Its Salts, Edinburgh M J 37 85 (Feb ) 1930 
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may occur at the same location Small amounts are eliminated in the 
urine and bile, but even parenteially administered iron is excreted almost 
entirely thiough the intestinal tiact^ The absorbed non is tiansmitted 
mainly, if not entiiely, by the blood stream, although the foim in which 
It IS transported is unknown^® It has been shown, howevei, that the 
01 al administration of iron in large doses does not appreciably increase 
the non content of the blood plasma outside the poital circulation It 
may be accepted from animal experimentation that the liver is the 
pimcipal storehouse foi iron Smaller amounts are stoied in other 
paits of the reticulo-endothehal system, and aside from the liver, the 
spleen is the most important storage depot The iron content of the 
liver may be increased by the admimstiation of iron to eight times its 
normal value and that of the spleen to foui times its normal value 
There is no deciease in the non content of muscle (muscle hemoglobin 
and parenchymal non) with long continued anemia, nor is this value 
increased with the administration of large amounts of the metal ® 

Our observations have established the fact that large amounts of 
iron are retained in the body as a result of the oral administration 
of iron and ammonium citrates, and from the aforementioned lesults of 
animal experimentation it seems logical to conclude that this non is 
letamed primarily in the liver and spleen If our present ideas con- 
ceining the total iron content of the body are correct (blood hemoglobin, 
muscle hemoglobin and parenchymal or lespnatory non of the cells), 
it must be admitted that all the 6 76 Gm retained in case 1 and the 8 85 
Gm retained in case 9 could not be put to a useful puipose immediately 
when such a small percentage was utilized in the formation of 
hemoglobin The storage capacity of the hvei and its efficiency in 
lemoving non fiom the portal circulation must be great, since the amount 
of iron in the plasma of the general circulation is not elevated 
appreciably When one realizes the amount of non letained and its 
piobable storage in the liver, it must cause some concern over the 
possibility of the development of pigmentary cirrhosis of this organ 
similar to that which occurs in hemochiomatosis Although we are not 
aware that any case of this type has been reported, the possibility seems 
leal in those cases in which iron is administered over a long period 

12 Verzar, F , in Bethe, A , von Bergmann, G , Embden, G, and Elhnger, A 
Handbuch der normalen und pathologischen Physiologic, Berlin, Julius Springer, 
1929, vol 4, p 72 M'Gowan 

13 Lintzel ® Robscheit-Robbins 

14 Marlow, A, and Taylor, F H L Constancy of Iron in the Blood Plasma 
and Urine m Health and in Anemia, Arch Int Med 53 551 (April) 1934 

15 Poison, C J The Storage of Iron Following Its Oral and Subcutaneous 
Administration, Quart T Med 23 77 (Oct) 1929 Lintzel » Robscheit-Rob- 
bins 
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Lintzel " stated the belief that the retention of such laige amounts 
of iron IS pathologic He said that the body finds a rate of excretion of 
non which agrees r\ith the intake, so that it is soon in balance, and 
when 100 oi 200 mg of non is given its excretion is prompt Oui 
results indicate that laige amounts aie retained by the body, and the 
retention of 63 per cent of a single dose of iron in case 6 does not beai 
out LintzeFs supposition that the iron first damages the mucosa before 
being absorbed 

The intermediary steps m iron metabolism are unknown, but it has 
been suggested that idiopathic hypochiomic anemia may be due to a 
faulty internal metabolism of iron This hypothesis is not borne out 
by these expeiiments, since the patients with an idiopathic form of 
anemia (patients 8 to 10) letained non as well as, if not bettei 
than, the others and also showed a percentage utilization in hemoglobin 
foimation which was equal to the utilization by those with chronic 
hemorrhage 

It must be admitted that our conclusions as to the utilization of iron 
111 the formation of hemoglobin are appioximations, since determinations 
of the blood i olume are lacking The results are somewhat lower than 
those obtained by Heath,^ even though we weie giving a smaller amount 
of iron, which should have lesulted in a higher percentage of utilization 
More significant is the percentage of the letained iron that goes to form 
hemoglobin, indicating that a large part of the iron that is retained is 
held in storage lathei than being utilized immediately This is in keep- 
ing with the experimental work of Whipple,^® who found that the 
optimum dose of iron for dogs rendeied anemic by repeated loss of 
blood exceeded by threefold the iron removed in the hemoglobin He 
concluded that the non had some effect on the body aside from the 
replacement of hemoglobin 

It has been shown by Heath ^ that 96 pei cent of the iron admin- 
istered to patients parenterally is utilized m the formation of hemoglobin, 
and similar results were obtained by Whipple in animal experiments 
Whipple reasoned by analogy that, since iron administered intravenously 
IS utilized quantitatively in the foimation of hemoglobin, the amount 
of iron absorbed fiom the gastro-intestinal tract after oral administration 
may be estimated fiom the amount of new-formed hemoglobin This 
assumption is not verified by our experiments on human beings, which 
showed that only a small percentage of the retained iron is so utilized 

16 Whipple, G H , and Robscheit-Robbins, F S Blood Regeneration in 
Severe Anemia Optimum Iron Therapy and Salt Effect, Am J Physiol 92 362 
(March) 1930 

17 Whipple, G H , and Robscheit- Robbins, F S Iron and Its Utilization 
m Experimental Anemia, Am J M Sc 191 11 (Jan ) 1936 
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Wliere the reinanidei of this is stored can onl) be siumised, but it seems 
probable that it lemains m the Inei, the spleen and the reticulo- 
endotliehal system 

SUMMARY 

With the 01 al administiation of iron and ammonium citrates to 
patients with hypochiomic anemia laige amounts of non are retained 
by the body 

An aveiage of 32 6 per cent of the non admmisteied was retained 
by tlie body 

Approximately 1 96 per cent of the iron admmisteied was utilized 
in the formation of hemoglobin 

There was no correlation bet^\een the amount of non retained and 
the increase in the hemoglobin content 



CHRONIC NEPHRITIS IN RATS FED HIGH 
PROTEIN DIETS 


N R BLATHERWICK, Ph D 
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E. M MEDLAR, MD 

JIT JIC GRFCOR, ^ J 

With the Assistance of John M Conaolly, MD, 

Phoebe J Bradshaw, Anna L Post, A B , and 
Susan D Sawyer, A B 

The metabolism of carbohydiate and fat results m almost complete 
oxidation or storage of these substances m the body In contrast, the 
metabolism of protein leads to the formation of seveial end-products 
that are eliminated by the kidney, and the excretion of these products 
entails work by the kidney The possibility that this work or some 
specific product or products may eventually lead to pathologic changes 
in this organ has been the incentive f oi much study The results obtained 
by feeding animals, chiefly rabbits and rats, diets high in protein have 
been conflicting Many of the early investigations are open to the 
criticism that the necessary food accessories were missing from the diet 
The use of rabbits for this type of study is questionable, unless the 
effects of vegetable proteins are being determined That m these animals 
spontaneous nephritis is prone to develop is, m any case, disturbing 
The nutritive requirements of the lat are better understood, and it is 
known to thrive on diets containing animal proteins But even with 
rats, the lesults obtained by different investigatoi s have been at variance 
Possibly diffeiences in diets which appeal to be slight may account for 
some of these discordances The best positive lesults have been obtained 
by Newburgh and Cuitis,^ who found that diets containing large quan- 
tities of beef liver produce severe renal damage Diets containing large 
quantities of beef muscle also weie found to be injurious, while casein 
proY'^ed to be relatively harmless No useful purpose would be gained 
by considering at length the many othei experiments leported in the 

From the Biochemical Laboratory and the Hegeman Memorial Laboratory of 
the Metropolitan Life Insurance Company 

1 Newburgh, L H, and Curtis, A C Production of Renal Injury m the 
White Rat by the Protein of the Diet, Arch Int Med 42 801 (Dec ) 1928 
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hteratuie The reader who is inteiested in the details is refeiied to the 
excellent reviews by Bischoft - and Mitchell ^ 

The conflicting lesults just mentioned led us to undertake the experi- 
ments lecoided m this papei, m the hope that by giving special attention 
to the care of the lats and to the composition of their diets we might 
obtain more uniform and leliable results, which would be useful in 
explaining certain phenomena of nephritis A piehminaiy report of 
some of our first experiments appeared in 1931 ‘ 

PLAN OF EXPERIMENTS AND METHODS 

The albino rats used were bred in our laboratory from stock obtained originally 
from the Wistar Institute Within a few days after weaning they were placed on 
the experimental diets They were kept in individual cages of the Yale type, which 
were changed and sterilized twice weekly A fresh blotter for the bottom of each 
cage pan was supplied daily, except Sundays Food and water were always availa- 
ble, while supplements of carrots and lettuce were fed twice weekly Accurate 
records were kept of the body iveight and consumption of food Since Februan 
1933 the animals have been housed under favorable surroundings in an air-con- 
ditioned room maintained constantly at a temperature of 23 or 24 C 

Specimens of urine were collected by placing the rats overnight in metabolism 
cages without food Samples were obtained monthly, beginning one month after 
starting the experiment The entire sediment from each specimen was examined 
for all formed elements Albumin was estimated quantitatively by the sulfo- 
salicylic acid method 

The rats were allowed to live until it was evident that death would soon occur 
They were then anesthetized with sodium amytal, and samples of blood were 
removed from the heart for chemical analysis The urea, nonprotein nitrogen, 
albumin, globulin and cholesterol contents of the blood and plasma were deter- 
mined by conventional methods The kidneys and other organs, after their gross 
appearance had been noted, were removed, measured, weighed and transferred to 
a dilute solution of formaldehyde U S P (1 10) or to Zenker’s solution for 
subsequent histologic examination 

The term nephrectomy is used in this paper to mean the removal of the right 
kidney This operation was performed with the animal under anesthesia induced 
by sodium amytal That the young rats stood this operation well is indicated by 
their desire to eat soon after the effect of the anesthetic disappeared and by an 
operative mortality of less than 1 per cent 

Since the beginning of this study in 1929 the experimental work has all been 
carried on in the biochemical laboratory of the Metropolitan Life Insurance Com- 
pany in New York city, the histologic examinations have been made at the Hege- 
man Memorial Laboratory m Mt McGregor, N Y Throughout the study the 

2 Bischoff, F The Influence of Diet on Renal and Blood Vessel Changes, 
J Nutrition 5 431, 1932 

3 Mitchell, H H The Physiological Effects of Protein, J Nutrition 1 271 

1929 

4 Blather wick, N R , Medlar, E M , Connolly, J M , and Bradshaw, P J 
Nephritis in Unilaterally Nephrectoraized White Rats Living upon High Protein 
Diets, J Biol Chem 92 Kxxiv, 1931 
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only data submitted to the pathologist were the number of the rat and the number 
of the diet on which it was fed The results of his histologic examinations were 
not revealed to the workers in the city of New York until late in the course of 
the work, after the organs of more than 800 rats had been examined The total 
number of rats used exceeded 1,000 The data here presented represent the most 
significant findings of our study 

PATHOLOGIC LPFECTS OBTAINED WITH DIEEERENT DIETS 

A good cnteiion of whether the diet can pioduce chiomc nephritis is 
evidence of histologic change in the lenal structure In the pathologic 
analyses to be presented here the following teiins are used to indicate 
the extent of renal involvement 

Normal Theie is no evidence of abnormality m the section of 
kidney 

1 plus The glomeruli and the tubular epithelium appear normal 
There may be a few small collections of lymphocytes oi an occasional 
tubular cast Such kidneys do not represent a true condition of nephritis, 
but they are not entiiely normal 

2 plus Scleiosing glomeruli, abnoimal tubular epithelium, tubulai 
casts and collections of lymphocytes may all be present Less than one 
fourth of the section is abnoimal 

3 plus The same as 2 plus except that moie than one fourth and 
not over two thuds of the tissue is involved Fibrosis is usually piesent 

4 plus The same as 2 plus except that two thirds or more of 
the tissue is involved Fibrosis is always present and may be marked 

In most instances histologic examination was made of the heart, 
liver, spleen, adrenal glands and aorta in addition to the kidney of each 
animal Abnormal conditions were frequently noted in organs other 
than the kidney, especially calcification of the aoita, but at present it 
IS not possible to correlate all these changes directly and consistently 
with the renal pathologic picture Consequently, we have presented 
in the accompanying tables the data relative to the kidney and aoita only 

Table 1 gives a general summary of the data for 418 rats The rats 
are divided as to sex and as to whether nephrectomy had been pei formed 
It will be noted that in the nephrectomized lats nephritis developed 
much more frequently than in the animals with both kidneys It is 
evident, also, that severe nephritis occurred more frequently m males 
than in females This difference between the sexes was especially 
marked in the non-nephrectomized animals Death occuired earlier 
in the male rats, the shortest period of survival being among the 
nephrectomized males 
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The combined data foi all the diets fed me gneii in table 1 and 
the data for each individual diet aie analyzed in tables 2 to 7 In table 
2 aie the results foi the lats fed stock diet 2, which has the following 


composition 

Stock Diet 2 Percentage 

Wheat 55 

Milk 25 

Beef muscle 12 

Yeast A 5 

Sodium chloride 2 

Calcium carbonate 1 


The milk and yeast in this and subsequent diets are dry (Several brands of 
yeast were employed m the various diets, and information m this regard will be 
furnished on request ) Lean beef muscle is carefully freed of fat and connective 
tissue, passed through a chopper, dried at a moderate temperature and then 
pulverized 
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Table 2 — Swinnaiy of the Data foi the Rats Fed Stock Diet 2 
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Heie It is evident that neithei severe nephritis nor calcification of 
the aorta developed As all the aoitas appealed noimal on gross 
examination, only eighteen were examined histologically The shortening 
of the average period of survival of the non-nephrectomized female lats 
was appaient rathei than real, foi the leason that these rats were taken 
tiom the breeding stock and were killed aftei they had become unsatis- 
factory foi breeding purposes 
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Table 3 gives the findings for the rats fed livei diet 1, the compo- 
sition of which IS as follows 


Liver Diet 1 
Lner 
Lard 
Yeast A 
Cod liver oil 
Salt mixture 


Percentage 

75 

16 

5 

3 

1 


Beef liver is carefully freed of its connective tissue and vessels, cut into small 
pieces, dried at a moderate temperature, passed through a chopper, dried again at a 
moderate temperature and then pulverized This diet is the one used by Newburgh 
and Curtis ^ The salt mixture used in this and other diets is that of Osborne and 
Mendel 


Table 3 — Summary of the Data for the Rats Fed Livei Diet J 
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Maiked involvement of the kidney had a high incidence in all groups 
of animals fed this diet, with the nephrectomized animals showing a 
greater proportion of marked nephritis than the non-nephrectomized 
animals It was noticeable that abnormality of the kidneys occurred 
much more frequently among the rats fed this liver diet than among the 
controls on stock diet 2 (97 5 per cent as contrasted with 20 pei cent) 
Calcification of the aoita was noted occasionally m the animals fed 
liver diet 1 The survival period of the nephrectomized animals was 
shorter than that of the rats with both kidneys Severe nephritis was 
somewhat less frequent m the females than m the males 

In table 4 aie given the data for the rats fed liver diet 12 The 
composition of this diet is as follows 


Liver Diet 12 
Liver 

Corn starch 
L-ard 
Yeast A 
Cod lner oil 
Salt mixture 


Percentage 

30 

43 

15 

5 

3 

4 


5 Osborne, T B and Mendel, L B The Nutritive Value of the Wheat 
Kernel and Its Milling Products, J Biol Chem 37 557, 1919 
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In the nephrectomized rats in this gioup marked nephritis developed 
frequently but less so than when liver diet 1 was used This diffeience 
between the effects of the two diets was gi eater in the case of the intact 
rats Again the males showed nephritis more often than the females 
The high incidence of aortic calcification in the nephiectomized males 
IS inconsistent with the observations on rats fed hvei diet 1, unless 
factors other than the dietary factois weie concerned 

Table 4 — Suvwtaiy of the Datafoi the Rats Fed Live} Diet 12 
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Attempts weie then made to find a diet on which the females also 
would consistently show seveie nephritis Accordingly desiccated thyroid 
was added to the diet to stimulate metabolism The results of this 
experiment are given in table 5 The composition of the diets used 
follows 


Liver Diet 14 

Percentage 

Liver 

750 

Lard 

150 

Yeast A 

50 

Cod liver oil 

30 

Salt mixture 

10 

Calcium carbonate 

06 

Thyroid, desiccated 

04 


Liver diet IS is the same as liver diet 14, except that calcium carbonate is 

increased to 0 8 per cent and thyroid is decreased to 0 2 per cent 

Liver diet 20 is the same as liver diet 14, except that calcium carbonate is 

increased to 0 9 per cent and thyroid is decreased to 0 1 per cent 

Only nephiectomized females weie used All showed maiked 
renal lesions, with the exception of 1 tal fed liver diet 15, which died 
after one hundred and fifty-three days It is interesting that the aver- 
age survival period in the three groups increased progressively as the 
quantity of thyroid was lessened (being one hundred and forty-eight 
days with 04 per cent thyioid and five bundled and thirty-nine days 
with 0 1 pel cent) The consistent appearance of calcification of the 
aorta in animals fed these diets is to be noted also 
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Since liver diets so frequently produced nephiitis, it was necessau 
to determine whether nonhver diets also cause this condition Accord- 
ingly the following diets weie used 


Casein Diet 1 

Percentage 

Casein 

75 

Lard 

16 

Yeast A 

5 

Cod liver oil 

3 

Salt mixture 

1 

This diet IS the same as that used bj Newburgh and Curtis 

Casein diet 2 differs m that 37 5 parts of dried milk is 
amount of casein in casein diet 1 

substituted for an equal 

Diet 2899 

Percentage 

Wheat 

300 

Casein 

200 

Corn, yellow 

170 

Peas, green split 

15 0 

Beans, navy 

12 5 

Cod liver oil 

30 

Calcium carbonate 

15 

Sodium chloride 

10 

This diet IS the one used by Polvogt, McCollum and 
that it induces nephritis in rats 

Simmonds,® uho lound 

Diet 2899, modified, is made by mixing corn, peas and beans and allowing them 

to stand overnight in water They are next cooked in an 

autoclave at a tempera- 

ture of 120 C for two and one-half or three hours and then dried, pulverized and 

mixed with the other ingredients of diet 2899 


Diet 2899 A 

Percentage 

Wheat 

30 0 

Liver 

20 0 

Corn, yellow 

170 

Peas, green split 

15 0 

Beans, navy 

12 5 

Cod liver oil 

30 

Calcium carbonate 

15 

Sodium chloride 

10 


Diet 2899 A, modified, is made by treating corn, peas and beans as for diet 2899, 
modified They are then mixed with the other ingredients of diet 2899 A 

The results obtained with these diets aie given in table 6 It viH 
be noted that nephritis did develop in animals on a casein diet, pro- 
vided it was fed for a sufficient length of time Reduction of the 
quantity of casein led to less frequent nephritis Diet 2899, however, 

6 Polvogt, L M , McCollum, E V, and Simmonds, N Production of 
Kidney Lesions m Rats bj Diets Defective Only m That They Contained Exces- 
sne Amounts of Protein, Bull Johns Hopkins Hosp 34 168, 1923 
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whether law or cooked, failed to induce nephritis When this diet A\as 
fed uncooked, skeletal bone deformities and overgiowth of the incisoi 
teeth occuried The ovei growth was at times so gieat that the upper 
incisors curled backward and upward and, occasionally, pierced the 
brain cavity Howevei, when the diet was cooked abnormalities of 
the bones and teeth failed to develop Fiom a nutritional standpoint 
this diet, whether raw or cooked, was not satisfactory for rats kept 
under oui conditions 

T M3LE 5 — Summmy of the Data jot the Ncph'i cctoimzed Female Rats Fed 
Lwc} Diets Coutammg Thyi aid 
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Table 6 — Summaiy of the Data foi the Rats Fed Ofhet Than Liver Diets 
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Early in oui expeiimental work we thought it desirable to inciease 
the vitamin content m the rations, theiefore, in stock diet 2 we sub- 
stituted 5 per cent of iiiadiated yeast B foi an equivalent quantity 
of yeast A Aftei this change abnormal renal conditions began to 
appeal unexpectedly m the control animals This led to a comparative 
study of the effects of iriadiated and noniiiadiated yeast B, using the 
following diets 

\east diet 1 is the same as stock diet 2 except that an equl^alent quantitj’’ of 
irradiated j east B is substituted for yeast A 

Yeast diet 2 differs from stock diet 2 in that an equal quantity of nonirradiated 
jeast B IS substituted for yeast A 
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The results obtained with these diets aie given in table 7 It will be 
noted that nephritis occurred wuth both diets, especialh in the nephiec- 
tomized lats In the intact rats fed iriadiated yeast, calcification of 
the aorta, hydronephrosis, calcium deposits in the lenal tissue, lenal 
calculi and crystals of dicalcium hydrogen phosphate in the mine weie 
consistently obseived, such abnoi malities weie absent wdien non- 
iiiadiated yeast w^as used These results emphasize the importance 
of seemingly minoi factois in experiments dealing with dietary effects 

STUDY or THE PATHOGENESIS OF NEPHRITIS 
Having found that such extensive alterations m the stiuctuie of 
the kidney followed consistently when lats were fed certain diets, w^e 
proceeded to study the pathogenesis of these changes Groups of 
nephrectomized animals were given diets known to produce nephritis, 
and the nephrectomized control animals weie fed the innoxious stock 
diet 2 The animals weie then killed at inteivals in an attempt to 
demonstrate the site of the initial lesion in the kidney The results 
aie given in table 8 The data foi the fatt}^ infiltiation of the liver 
also are given to show that this condition occurs commonly in rats 
fed liver diets We have found that one substance responsible for this 
effect is the cholesterol contained m liver It should be noted that a 
considerable increase in the amount of hepatic fat, detectable by chem- 
ical analysis, may occui without its presence being shown by histologic 
examination This fatty infiltration is not present consistently in rats 
in which nephiitis is developing How^evei, its piesence may indicate 
that the factois producing the lenal changes are acting on other organs 
Liver diets 1 and 3 were used in this study The composition of the 


latter follows 

Liver Diet 3 Percentage 

Liver 72 

Lard 15 

Yeast A 5 

Cod liver oil 3 

Sodium bicarbonate 3 

Calcium carbonate 1 

Salt mixture 1 


This quantity of sodium bicarbonate m the diet w as found to produce a neutral 
or slightly alkaline urine when fed to rats 


7 Blather w'lck, N R , Medlar, E M , Bradshaw, P J , Post, A L , and 
Sawyer, S D The Dietari Production of Fatt\ Livers in Rats J Biol Chem 
103 93, 1933 
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The lesiilts ot this study show that of the 38 lats on stock diet 2 
32 had normal kidneys, 4 had slight alteiations in no way suggestive 
cf nephiitis and 2 had marked nephritis The occurrence of nephritis 
in these 2 animals is at vaiiance noth the lest of the data for this diet 
and is difficult to explain but may have been due to the presence of 
11 radiated yeast m the diet at the time the two animals leceived it 
The kidneys of the rats fed the Inei diets gave a difteient picture 
fiom that of the ones on the stock diet Among the rats fed livei, 

T^ble S — 4 Study of the Pathogenesis of Nephutis 
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O 

151 


2 

1 

1 


2 

3 

ISO 


1 

2 


2 

1 

3 

190 

3 





1 

2 

212 



2 


1 

1 

3 

228 

3 




1 

1 

2 

270 

2 




1 

1 

Total or average 35 


15 

10 

10 

S 

17 

7 


3 + 


40 . 


* In tins part of the table liver diets 1 and 3 are not designated, since other experiments 
showed that both were effective in producing nephritis Although the presence of sodjnm 
bicarbonate and calcium carbonate in livtr diet 3 rendered the urine neutral or shghtlj alia 
line, the detelopmcnt of neuhritis was not retarded 


onl}" 8 had noimal kidneys, 17 shotved abnoimahties not suggestive of 
nephiitis, 7 shoived mild, 1 moderate and 2 se\eie nephritis Piioi 
to one hundred and fifty days there was no evidence to suggest that 
general nephiitis tvould eventually develop, after that time the lesults 
were not sufficiently unifoim to fix the site of the initial lesion in the 
kidney Fiom the evidence w^e conclude that the functional derange- 
ment of the kidney antedates considerably the appeal ance of the histo- 
logic changes chaiacteristic of nephiitis, but once the lattei changes 
begin frank and seveie nephritis develops quickh 
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I HE HISTOLOGIC PICTURE OF THE KEPHRIIIC KIDNLT 

The essential changes in the kidiie} occui in the glomeruli and 
tuliules The glonierulai changes begin as focal hyalmization in the 
capillaiy tuft and end in complete obliteiation of the capsnlai space 
Inflammation is nevei maiked, but when piesent it is shown by the 
infiltiation of monocytes and an occasional lymphocyte The capillaiy 
tuft commonly contains demonstiable fat, which is scatteied thiough- 
out the stiuctuie eithei in small isolated foci oi in consideiable quan- 
tities The oiigiii of this fat is obscuie, but theie is a suggestion that 
It may come fioiii the cn dilating blood and may be embolic The 
iiumbei of glomeiulai units ni\olved vanes with the extent of the 
nephritis — from a few in cases of mild nephiitis to man} in cases oi 
sevei e iieplii itis In the latter cases the gloniei uh show’’ var) ing 
degiees of fibiosis, with some units appaiently uiiimolved and letani- 
nig then noimal stiuctuie Evidently the iitimbei of functional 
glonieiuh becomes gieatly deci eased as the disease pi ogresses 

The changes m the tubulai epithelium appeal to be limited in the 
eaily stages at least, to the distal portion of the tubule In this region 
the eaihest changes obseived aie the presence of demonstrable fat and, 
wath ceitam diets, especially hvei 1, a consideiable quantity of pigment 
the nature of which is not understood This pigment does not contain 
iron and m some instances stains faintly wnth sudan III stain It is 
not a constant featuie, as some of the kidneys m wdiich severe nephritis 
was piesent contained piactically none Constant featuies aie the 
enlargement of the epithelial cells of the distal tubule and their staining 
a moie intense blue than in the iioimal kidney The lattei change is 
not obseived m the pioximal tubules, foi theie the cytoplasm letains its 
pmk-staimng chaiacteiistics Evidently, hypeiplasia of the epithelium 
of the distal tubules occurs fiequently Mitotic figuies may be piesent 
at ceitain stages, and often the entire lumen of the distal portion of 
the tubule is enlarged and filled with well preserved epithelial cells At 
a latei stage there is disintegration of the epithelial cells, always accom- 
panied wnth infiltration of lymphocytes, which may be maiked Fibrosis 
occurs concurrently with or following these changes, and the final 
histologic picture is that of scar tissue foimation wathout tubulai epi- 
thelium and wnth little lymphoc}tic infiltiation 

As hyperplasia, dismtegiation of the distal tubulai epithelium and 
fibrosis occur, there appears to develop a damming back of the urinary 
secretion into the proximal convoluted tubules This leads to dilatation 
of the tubules, with the formation first of granulai debris and later of 
hyaline casts The end-result is cystic dilatation of the tubules, within 
which are large numbers of casts, some containing demonstiable fat 
There is little evidence of hyperplasia of the epithelium m the proximal 
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convoluted tubules, which in instances of marked distention may be com- 
pletely dismtegiated The epithelial cells may or may not contain fat 
or pigment 

There appeal to be no consistent and significant changes in the walls 
of the arteries in these kidneys, that is, the development of nephritis 
seems to be unrelated to vasculai changes, exclusive of those which ma} 
occur in the glomerular tuft 

It may be interesting to considei the significance of calcification ot 
the aoita as encountered in our expeiimental rats The histologic pic- 
ture shows calcium, either in plaques or in diffuse deposits, in the median 
portion of the artery Otherwise, the arteiy appears normal No evi- 
dence of an inflammatory reaction and no semblance of the process of 
arteriosclerosis, as seen in man, were noted We have encountered 21 
instances of calcification of the aorta, 6 cases were in a group of 24 
rats on a diet which contained 5 per cent irradiated yeast, 4 cases 
occurred in a group of 18 rats fed a liver diet containing thyroid and 
the 11 remaining cases weie found at random in groups of animals on 
other liver diets Dietary factors possibly bear directly on calcification 
of the aorta, as this condition has not been observed in the examination 
of several hundred of our rats on nonnephntis-producing diets Just 
what these factois are and how they induce calcification is not under- 
stood An examination of the data on the blood indicates clearly that 
hypercholesteremia was no more frequent in the rats with calcification 
of the aorta than in those without it 

Our interpretation of the pathologic processes desciibed is as fol- 
lows The glomerular changes are probably dependent on an altera- 
tion in the constituents of the blood This pioduces a change in the 
filter apparatus, eventuating in complete obliteration of the functional 
glomerulus by fibrosis The altered filtration allows passage into the 
urine of substances which profoundly affect the epithelium of the distal 
renal tubule Hyperplasia and later disintegration of these cells then 
occur and aie followed by lymphocytic infiltration and fibrosis A 
damming back of urinary secretion results The final picture (fig 1) 
resembles that seen in man m so-called chionic atherosclerotic nephritis, 
but without the presence of atherosclerosis We suggest that the whole 
picture represents a phenomenon due to overwork of the distal portion 
of the renal tubule resulting from changes in the filtering ability of the 
glomerular tuft 

URINARY OBSERVATIONS 

In man the laboratoiy recognition of nephritis rests on the presence, 
quantity and persistence of albumin in the unne, together with the 
occurrence of casts and red blood cells in the sediment , on evidence in 
the blood of the retention of nitrogenous substances, and, in certain 
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conditions^ of a lowered albumin-globuhn ratio and an met eased choles- 
terol content, and on functional renal tests, such as fixation of the 
specific gravity, the urea clearance and the ability to excrete phenol- 
sulfonphthalein The presence or absence of such phenomena m the 



Fig 1 —A, photomicrograph, X 300, showing the type of nephritis encountered 
This IS regarded as 4 plus nephritis in our classification B, a photomicrograph of 
higher power, X 000 Note the sclerosing glomerulus and the hyperplastic 
epithelium of the distal renal tubule 
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lat must be detei mined if one is to learn whethei the pathologic piocesb 
in this animal resembles the manifestations m man We have accumu- 
lated data for the mine lelative to the albumin, casts and other formed 
elements and for the blood lelative to the letention of nitrogenous 
substances, the albumin-globulin latio and the cholesterol content 
In tabulating the data foi the urine and blood the rats have been 
considered m the following groups (a) rats without nephrectomy which 
showed normal kidneys on histologic examination, (&) rats with one 
kidney removed and with the lemaming kidney histologically normal, 
(c) rats without nephrectomy winch had 3 plus or 4 plus nephritis 
histologically and (d) rats with one kidney removed and with 3 plus 

Table 9 — Albnmm and Casts in the Untie of Intact and Nepht cctotmecd Rats 
with Not Dial Kidneys or with 3 ot 4 -V Nephritis 


Albumin m Urine 


Casts m Urine 

K 


^0 

of 


phrec 

Condition 
of Kidnej 

No of 
tvain 
in a 

Over 0 

3 Over 0 1 Positive, 

No of 
No of Positnc 
Exam Exam 
ma ma 

Positive 
! Exam 
ma 
tions. 

Rats 

Se\ 

tomj 

at Necropai 

tions 

% 

■% 

% 

tions 

tions 

% 

20 

M 

No 

Normal 

287 

24 


84 

291 

25 

86 

20 

F 

No 

Normal 

280 


19 

68 

287 

IS 

45 

13 

17 

M 

Yes 

Normal 

124 

67 


54 4 

126 

32 

25 0 

F 

Yes 

Normal 

235 


86 

36 6 

236 

92 

390 

20 

M 

No 

3+ or 4-t- 

342 

268 


78 3 

327 

193 

600 

7 

F 

No 

nephntis 

34“ or 4+ 

115 


38 

33 3 

120 

45 

37 5 

20 

M 

Yes 

nephritis 

3+ or 4+ 

242 

199 


82 0 

244 

181 

738 

20 

F 

Yes 

nephntis 

3+ or 4+ 

309 


226 

70 0 

316 

229 

72 4 

5* 

M 

No 

nephritis 

Hydronephrosis 

47 

0 


00 

48 

18 

37 5 

6* 

F 

No 

Hydronephrosis 

86 


15 

17 4 

87 

47 

54 0 

4t 

JI 

No 

Normal 

45 

0 


00 

45 

I 

11 1 

5t 

F 

No 

Normal 

89 


8 

90 

00 

24 

266 


* Irradiated yeast diet 
t Nonirradiated yeast diet 


or 4 plus nephritis m the leinaimng organ We found it adwsable to 
subdivide the groups according to sex as far as the mine was con- 
cerned, since the albumin content of the urine is normally greater in the 
male than in the female, as has been shown by Bell ® and Shih ® The 
latter stated his conclusion that most of this excess protein originates 
in the genital tiact That such may be the case is indicated by the 
usual presence of large numbers of speimatozoa in the mine of our 
male rats 

In table 9 are assembled the data for albumin and casts obtained 
from over 2,000 urinalyses After careful study of the results of the 

8 Bell, M E Albuminuria in the Normal Male Rat, J Ph 3 'siol 79 191, 1933 

9 Shih, H E The Origin of Protein in the Urine of Albino Rats, Am J 
Physiol 113 120, 1935 
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examinations of normal rats, we have been led to consider as abnormal 
an albumin content over 0 3 per cent m the male and over 0 1 per 
cent in the female rat and the presence of any casts An increase in 
the albumin content or the presence of casts m intact rats with histo- 
logically normal kidneys did occur but was raie In nephrectomized 
rats, with the lemaining kidney histologically normal, there occurred a 
significant increase m the abnormal albumin values and the presence of 
casts Rats having moderate or severe nephiitis showed a much higher 
incidence of abnormal albumin values and of casts than did the non- 
nephritic animals This is true for both nephi ectomized and non- 
nephrectomized males and females Rats which showed hydronephrosis 
on diets containing irradiated yeast showed a marked incidence of casts, 
with a slight increase m the albumin content , animals on diets contain- 
ing nonirradiated yeast showed a similai though less marked picture 
Male rats showed a higher peicentage of abnormal findings than females 
in all groups except those on the yeast diets, in which the leveise was 
true 

The data relative to albumin, casts and the albumin-globulin ratio 
obtained for the rats used in the study of the pathogenesis of nephritis 
are given in table 10 Here a marked increase in the abnormal values 
will be noted in all groups The rats on the liver diets showed many 
more abnormal values than did those on stock diet 2 

To demonstrate the evolution of the changes in the albumin content 
of the urine, we have constructed figures 2 to 5 In these graphs the 
curves represent the averages for the monthly albumin values of all 
the animals within a group The number of animals used and the 
group curves are given in the graphs 

Figures 2 and 3 show clearly the marked diffeiences in behavior 
between male and female rats It will be noted that all groups started 
with normal values Increased albumin values occurred earlier and 
reached higher maxima in groups of male rats than in the corresponding 
groups of females 

Figure 4 is drawn from the data given in table 5 and shows the 
striking effect of thyroid when added to a nephritis-inducing diet The 
rapid onset and evolution of the disease when 0 4 per cent thyroid was 
given were in marked contrast to the gradual change that occurred 
with 0 1 per cent thyroid The average length of life of the animals 
was one hundred and forty-eight days with 0 4 per cent thyroid and 
five hundred and thirty-nine days with 0 1 per cent thyroid All the 
data indicated that the feeding of the larger quantity of thyroid resulted 
in producing severe nephritis, which we believe contributed significantly 
to shortening the aveiage length of life 
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In figure 5 it will be noted that m nephrectomized rats the liver 
diets produced a more rapidly developing and a more severe albuminuria 
than did the stock diet 

The first casts to appear m the urine of lats were often pigmented 
Granular casts were commonly present in cases of developing nephritis 
Later, hyaline casts were present, and in the final stages highly refractive 
casts appeared Cyhndroids were often associated with the casts Red 
blood corpuscles were not present except in the case of rats fed 3 '^east 
diet 1 It will be lecalled that all these animals had renal calculi. 
Crystals of dicalcium hydrogen phosphate were commonly present m 
the urinary sediment of rats fed irradiated yeast, but they were never 
observed in the specimens from rats given other diets 

PERCENTAGE 

ALBUMIN 



Fig 2 — Chart showing the excretion of albumin and the retention of urea in 
male rats with 3 plus or 4 plus nephritis and m male rats without nephritis 

BLOOD PICTURE 

Retention — We have considered 30 mg per hundred cubic 
centimeters as the upper limit of normal for the urea nitrogen content 
of the blood of the rat Thirty-nine rats which were found to have 
3 plus nephiitis gave an average value of 61 4 mg, the highest value 
being 221 mg per hundred cubic centimeters Twenty-three (59 per 
cent) of the values were above the normal limit In the case of 85 
lats with 4 plus nephritis, the average value was 141 mg , and the high- 
est value was 375 mg per hundred cubic centimeters Not a single 
case of nonretention was observed in this series It is evident that 
the histologic classification of the extent of nephritis was in accord 
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with the degree of urea retention Among the 40 intact rats without 
nephritis, there were 3 (7 5 per cent) instances of retention Six (20 
per cent) of 30 nephrectomized animals without nephritis showed 
retention This difference is significant and indicates that one kidney 
has difficulty in performing adequately the function of forming normal 
urine The observations, as a whole, show that renal injury must be 
severe before retention of nitrogenous pioducts consistently occurs 
Alhimvin-Glohuhn Ratio — In certain types of nephritis the quan- 
tities of albumin and globulin in the blood plasma are changed so that 
this ratio is decreased Such a change is found in the chronic active 
stage of hemorrhagic nephritis and is marked in cases of nephrosis 
We have considered values for this ratio of less than 1 to be abnormal 

PERCENTAGE 



Fig 3 — Chart showing the excretion of albumin and the retention of urea in 
female rats with 3 plus or 4 plus nephritis and in female rats without nephritis 

In a series of 22 rats with 3 plus or 4 plus nephritis, all but 1 showed 
an abnormal ratio Our study of the pathogenesis of nephritis revealed 
that only 1 (4 8 per cent) of 21 female rats fed stock diet 2 had a ratio 
of less than 1, while 6 (35 3 per cent) of 17 had a low ratio when fed 
the liver diets Six (37 5 per cent) of 16 male rats fed stock diet 2 
had an abnormal ratio, and 10 (66 7 per cent) of 15 had an abnormal 
ratio when fed liver Apparently, the albumin-globulin ratio is more 
easily disturbed in males Several cases of inversion of the ratio in 
rats without nephritis were observed, and this indicates that factors 
other than nephntis influence the concentration of protein in the blood 
Cholesteiol — ^The cholesterol content of the blood plasma has been 
observed to increase m conditions m which there is an inversion of 
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the albumin-globulin ratio It is believed that this increase in the 
cholesterol content is the result of an effoit to maintain the normal 
osmotic relationship's of the blood We have found it necessary to 
establish two maximum normal limits for the cholesterol content of 
the blood of our rats, owing to the fact that the cholesterol contained 
in liver diets increases the content of this substance in the blood The 
average value for the plasma cholesterol of 31 rats without nephritis 
which were fed stock diet 2 was 88 mg per hundred cubic centimeters, 
the mean deviation being 29 2 mg Therefore, it has been considered 
that values over 146 mg per hundred cubic centimeters for rats fed 
liver-free diets indicate hypercholesteremia Similarly, 88 rats without 
nephritis which were fed liver diets gave a mean value of 125 5 mg 

PERCENTAGE 
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Fig 4 — Chart showing the excretion of albumin and the retention of urea in 
female rats fed liver diet plus thyroid 

per hundred cubic centimeters Twice the mean deviation of 46 7 mg 
indicates that 219 mg per hundred cubic centimeters should be taken 
as the upper limit for the noimal cholesterol content when liver diets 
aie concerned The results for rats fed nonhver diets were as follows 
5 (SO per cent) of 10 with 3 plus nephritis showed hypercholesteremia, 
and 7 (87 5 per cent) of 8 with 4 plus nephritis showed values above 
the normal limit The following results were obtained for the animals 
fed diets containing liver Fifteen (41 7 per cent) of 36 having 3 plus 
nephritis had hypercholesteremia, and 34 (51 5 per cent) of 66 with 4 
plus nephritis showed values above normal The values for rats with 
nephritis were in general agreement with the changes observed m the 
albumin-globulin ratio 
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In our study of the pathogenesis of nephritis 4 (11 1 per cent) of 
36 rats fed stock diet 2 had hypercholesteremia, 2 of these had 4 plus 
nephritis, with retention of nonprotein nitrogen, and the others had no 
nephritis and showed no retention Three (9 4 per cent) of 32 animals 
fed the liver diets accumulated cholesterol m the blood , 2 of these had 
retention of nonprotein nitrogen and 2 plus nephritis, and the other 
with 1 plus nephritis had no retention 

If the values for cholesterol are considered in relation to calcifica- 
tion of the aorta, it will be seen that 18 animals with calcification of 
the aorta gave an average value of 182 mg of cholesterol per bundled 
cubic centimeters of blood, the range being from 87 to 290 mg These 
results show that the calcification was not due to an abnormally high 
cholesterol content of the blood 

PERCErtTAGE ALBUMIN 
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Fig 5 — Chart showing the excretion of albumin in nephrectomized male and 
female rats fed liver diets 1 and 3 and stock diet 2 

COMMENT 

The present concept of the etiology of chronic nephritis is neces- 
sarily in a confused state One group of workers think that infec- 
tion superimposed on a pieexisting state of allergy initiates the 
degenerative process, another gioup, in which are Newburgh and Ins 
associates, believe that dietary factors play an essential role That the 
nephritis produced experimentally in our rats was not dependent on 
the existence of infectious processes is evident from the following 
observations (c) The organs most frequently infected were the lungs, 
but there w^as no highei incidence of nephritis in animals with marked 
pulmonary involvement than in those free from it, (&) in the rats on 
diet 2899 local infection in the mouth secondary to erosion of the 
mucosa by overgrowth of the upper incisors occurred often but there 
was no nephiitis among these animals, (c) in the gioup of rats m 
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which hydronephrosis developed while they were receiving a diet con- 
taining irradiated yeast practically no lenal infection and but little 
nephritis were present, although urinary retention was sometimes 
marked and was often accompanied with inflammation of the wall of 
the bladder and with severe ulceration of the mucosa induced by 
calculi 

Our lesults herein leported have shown conclusively that diet alone 
will produce nephiitis and will also determine its severity We cannot 
at present explain how the diet produces these effects 

That the injurious principle is not confined to the protein content 
of the diet may well be From a purely theoretical point of view cei- 
tam diets may possibly aid in establishing abnoimal complex metabolic 
piocesses which lead to the formation of abnormal pioducts oi of 
inci eased normal end-products, to the overfiltration of the normal end- 
products, to the excretion of the abnormal products or to the letention 
of certain products Whatever these substances are that pass the 
glomerular filter, it is conceivable that they may have existed as such m 
the diet or that they may have been produced within the body during 
metabolism From the uiinary findings it seems that an abnoimal func- 
tional condition of the kidney considerably antedates the appearance of 
histologic evidence of nephritis 

From our experience it is evident that the greatest care must be 
used in the planning and compounding of experimental diets, for the 
overlooking of a seemingly minor factor may lead to unsuspected com- 
plications and to erroneous conclusions relative to the effects produced 
Thus the cooking of diet 2899 eliminated the development of abnoi- 
mahties of the teeth and bones, the substitution of n radiated for non- 
irradiated yeast led to hydionephrosis, calcification of the aoita and the 
foimation of renal calculi, and the addition of thyroid to the diet favoied 
the production of nephiitis and of calcification of the aoita By 
reducing the quantity of thyroid the development of nephiitis was 
delayed, and the average length of life of the rats was inci eased 
Furthei studies on the effects of the administration of thyioid aie noAv 
m progress Obviously, a diet that has been proved to be satisfactoiy 
for the giowth and well-being of the type of animal used should always 
be employed as a control 

In such experimental work as ours attention must be paid to the 
gross and microscopic examination of the various types of tissue and 
must not be limited to a consideration of a single organ, such as the 
kidney or liver This became appaient eaily m these studies, Avhen we 
found that during the fiist few weeks we could identify the lats fed 
liver diet 1 by the fatty infiltration m the hvei while the kidneys 
appeared normal Abnormalities in other oigans cannot ah\ays be 
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correlated Mith the most important pathologic process produced, but 
the> tend to sho^^ that the body as a whole may be involved rather than 
any one tissue or organ 

A peculiar and interesting fact ^\hlch we discoveied is that the 
temale lat is more refractory to the production of nephritis by diet 
than the male This was veil shown by intact rats fed identical diets, 
in 21 per cent of the males marked nephritis developed, while only 6 
per cent of fhe females showed a similar condition Whether this dif- 
ference is confined to the rat is unknown May it not pertain to the 
sexes in othei species^ Sex differences in the glycogen content of the 
tissues and m the metabolism of fat also have been observed Nature 
may have e\olved distinct metabolic differences between the male and 
the female, perhaps to enable the lattei better to fulfil her special 
functions 

The extieme disordeis of calcium metabolism induced by diets con- 
taining irradiated yeast deserve special consideration Other investi- 
gators have leported the formation of renal calculi and the deposition 
of calcium in the tissues resulting from the administration of toxic doses 
of vitamin D However, we were lather surprised to find that such 
changes could be produced so consistently by the quantity of irradiated 
yeast fed to our rats These observations suggest that the indiscrimi- 
nate use of the many irradiated products now available may be the souice 
of unfortunate complications latei 

The changes noted in the blood constituents were in general agree- 
ment with those obseived in human beings with nephritis It was found 
that retention of urea did not occur until injury to the kidney had 
become sei'ere Our data for the albumm-globuhn ratio showed it to 
be disturbed in a laige majoiity of the rats with severe nephritis, and 
there were indications that it is moie easily changed in male than in 
female rats The observed inci eases in the cholesterol content of the 
blood harmonized with the concomitant decreases in the albuinin- 
globuhn ratio Rats in whicli calcification of the aorta had developed 
did not have hypeicholesteremia Unfortunately, none of these deter- 
minations IS useful in detecting early functional changes in the kidney 

Our data suggest that irreparable renal damage occurs only as the 
end-result of an interaction of unknown factors which have existed for 
'a considerable period of time These unknown factors, our ignoiance 
of how the)' are interi elated and the uncertainty concerning the changes 
which occur betv een the initiation of the process and the appearance of 
the irreparable damage greatly hinder at this time an explanation of 
the pathologic process If one considers the evidence of functional 
derangement of the kidney, as shown by the appearance of abnormal 
quantities of albumin and of casts in the urine, it is apparent that the 
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functional impairment antedates the appearance of histologic changes 
by a considerable period If it is assumed that the initial mipaiiment 
occurs m the functional activity of the glomerulus as a filtei, it may be 
deduced that the tubulai epithelial cells, in then efforts to conseive poi- 
tions of the filtered plasma eventually reach a state in ^^hlch the} in 
turn become functionally ovel^^o^ked, when such a condition is reached 
they apparently disintegiate At about this time an mflammatoiy 
reaction ensues, as evidenced by lymphocytic infiltiation and fibrosis 
The accumulation in the tubule of material which has passed the 
glomerulai filter occuis later, after the peiiods of epithelial hyperplasia, 
inflammation and fibrosis It is somewhat uncertain just where in the 
tubule the epithelium suffeis the most damage, but fiom the location 
of the cellulai hypeiplasia, the staining reaction of the epithelial cells 
and the retention of urinary secietion the injury seems to be lestiicted 
principally to the distal poition Why the distal poition should be 
impaiied rather than the proximal poition is not clear, the answei to 
this question must be defeired pending a bettei understanding of the 
function of the epithelium along the course of the tubule Our obsei- 
vation that in rats the irreparable damage is restiicted to a ceitam poi- 
tion of the tubule is in agreement with Richards’ obseivation that in 
the frog and in Nectuius the epithelium of the pioximal portion diffeis 
functionally fiom that of the distal end 

The data presented clearly demonstrate that casts and abnormal 
quantities of albumin appealed eailier m nephi ectomized rats m which 
severe nephritis ultimately developed than in the animals in which 
nephritis failed to develop , the output of albumin was greater, and there 
was a tendency foi it to decline towaid the end of the disease, probably 
because of the destruction of many glomeiuli These same phenomena 
were present in the intact rats, but m these they occuiied later and less 
abruptly It should be noted that casts were at tunes absent from the 
urine even when seveie nephi itis was piesent, ceitamly the number of 
casts was no tiue index of the severity of the nephritis, as it varied 
from time to time while the disease was actively piogressmg 

The significance of the abnormal urinary findings deseives special 
consideiation It is apparent that an increase in the albumin content 
01 the piesence of casts does not necessaiily indicate pathologic nephritis 
Such findings do indicate a functional impairment of the kidney which 
may oi may not tei inmate in irieparable renal damage In nephrec- 
tomized animals fed stock diet 2 , with peisistent evidence of func- 
tional impaiiment, seveie nephritis did not de^elop, even though the 
animals lived for two yeais after the operation The influence of 

10 Richards, A N Urine Formation in the Amphibian Kidney, Harvey 
Lectures, 1934-1935, Baltimore, Williams & Wilkins Coinpam, 1936. p 93 
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diet on the functional activity of the kidney is clearly shown in figure 
5 Here the function of the remaining kidney was disturbed in all 
groups, but the nephritis-inducing diets caused a greater functional 
disturbance than did the harmless stock diet 2 Obviously, a single 
kidney cannot cany the functional load as well as the two organs which 
nature has provided It is to be hoped that a method may be found 
by which it vill be possible to recognize functional impairment before 
permanent structural damage has occuried, since it may be possible 
to cure the former, even though it may not be possible to prevent 
further degeneiation m a kidney once permanent damage has been 
established 

SUMMARY 

Chronic nephritis has been produced m rats by feeding them diets 
high in protein The evidence presented has shown that functional 
impairment of the kidney may exist for some time before histologic 
changes indicatn'^e of nephritis become apparent The excietion of 
albumin oi the presence of casts m the urine was interpreted as indi- 
cating functional impairment of the kidney, although not necessarily 
proving the presence of nephritis When irreparable damage occurred, 
retention of nonprotein nitrogen, inversion of the albumin-globuhn 
ratio and hypercholesteremia were observed 

It was found that female rats were more refractory to the production 
of nephritis by diet than males The addition of desiccated thyroid to 
the diet of nephrectomized females favored the development of nephritis 
The feeding of irradiated yeast led to hydronephrosis, calcification 
of the aorta and the formation of renal calculi Calcification of the 
aorta was not associated with hypercholesteremia 

We have suggested that the initial impairment of the kidney may 
be a change in the functional activity of the glomerulus The filtering 
of unusual substances into the tubule throws an additional strain on 
the distal epithelial cells, causing them finally to disintegrate An 
inflammatory reaction ensues Material which passes through the 
glomerulus is then dammed back into the proximal tubule and causes 
cj^stic dilatation Judging from the location of the cellular hyperplasia, 
the staining reaction of the epithelial cells and the retention of urinary 
secretion, the pnmaiy injury to the tubular epithelium seems to be 
limited principally to the distal portion The entire process may be 
looked on either as a result of overwork or as a toxic phenomenon 

The injurious factoi may exist as such in the diet, or it may be 
produced during metabolism If the harmful substance exists in the 
diet, it may not necessarily be confined to the protein fraction The 
nephritis ma}’’ be induced by an abnormal excretion of normal end- 
products, by an excietion of abnormal products or by the retention of 
certain products 



ACUTE VEGETATIVE ENDOCARDITIS CAUSED BY 
BACILLUS DIPHTHERIAL 

G JOHN BUDDINGH, MD 

AND 

KATHERINE ANDERSON, BA 

NASHVILLE, TFNN 

Acute vegetative eiidocaiditis caused by the diphtheria bacillus is 
of infiequent occurience, the literature up to the present time containing 
reports of only six cases The micro-organisms isolated in three of 
these cases had all the cultural and morphologic charactei istics of 
Bacillus diphtheriae but did not produce a toxin in amounts sufficient 
to be lethal for guinea-pigs In the othei three cases repoited the bacilli 
weie characteristic of B diphtheiiae morphologically and culturally as 
well as 111 their lethal effect when broth cultures were injected into 
guinea-pigs 

The nontoxic bacilli simulating B diphtheriae weie isolated at 
autopsy in the cases repoited by Howard^ m 1893 and by Roosen- 
Runge- 111 1903 and 1925 Herzog® in 1918 was the fiist to isolate a 
strain of B diphtheriae from the blood in puie culture which was 
lethal foi guinea-pigs when 1 cc of a three day bioth culture was 
inoculated subcutaneously The bacilli isolated fiom the two patients 
repoited on by ChiarU in 1933 and 1935 also were typical m their 
lethal effect on guinea-pigs when broth cultuies were inoculated sub- 
cutaneously A patient with this type of endocarditis came to autopsy 
lecently at the Vandeibilt Hospital, and a detailed repoit of the case 
follows 

REPORT OF A CASE 

The patient, a 16 year old boy, was admitted to a medical ward four months 
before his death He complained of frequent, moderately severe nosebleeds, 

From the Department of Pathologj', the Vanderbilt University Medical School 

1 Howard, W T , Jr Acute Ulcerative Endocarditis Due to the Bacillus 
Diphtheriae, Bull Johns Hopkins Hosp 4 32, 1893 

2 Roosen-Runge Em Fall von Diphthenebazillensepsis, Munchen med 
Wchnschr 50 1252, 1903 , Ueber Baktenamie durch Dipthenebazillen, Virchows 
Arch f path Anat 254 379, 1925 

3 Herzog, G Demonstration emer ulzerozen Endokarditis durch Diph- 
therienbazillen, Munchen med Wchnschr 65 29, 1918 

4 Chian, H Zur Frage der Diphthene-Endokarditis, Centralbl f allg 
Path u path Anat 58 193, 1933, Zur Frage des Uebertretens der Diphtherie- 
bazillen in die Blutbahn und ihrer Ansiedlung in mneren Organen Wien klm 
Wchnschr 48 685, 1935 
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^vhIch had their onset about three months previous to his admission to the 
hospital He had an attack of rheumatic fever at the age of 7 >ears without ani 
appreciable sequelae His father and one uncle had had spontaneous nosebleeds 
over a period of one j^ear during adolescence 

Phjsical examination revealed that the boj’s heart was moderately enlarged 
to the left, the spleen was palpable and there were numerous cutaneous telangiec- 
tases scattered over the body Studies of the blood revealed nothing abnormal, 
except a low platelet count, from 40,000 to 130,000 per cubic millimeter The 
bleeding time, clot retraction and tourniquet tests were normal No definite 
diagnosis as to the cause of the nosebleeds could be made during the patient’s 
first stay of two months in the hospital During this time he had a few mild 
nosebleeds, which were controlled by packing He had a low grade continuous 
fever He w'as sent home and remained there for six weeks He continued to 
have occasional mild nosebleeds Tw'o days before his second admission to the 
hospital a severe nosebleed occurred which necessitated packing Attempts to 
remove the pack brought on severe bleeding, so that it had to be replaced At 
that time the nasopharynx was tender, and the pack had a foul odor Other 
physical and laboratorj’- findings -were much the same as at the previous entrj, 
except that gradual enlargement of the spleen and liver was observed During the 
next ten days he had three severe nosebleeds, which were controlled by packing 
Five days before his death the temperature suddenly rose from 102 to 105 F 
Culture of the blood was positive for an unidentified gram-positive bacillus, 
which grew 142 colonies per cubic centimeter Enlargement of the heart to the 
left rapidh developed together with ascites A systolic and diastolic murmur 
developed During the last twenty-four hours numerous petechial hemorrhages 
appeared over the body The patient was anuric for thirty-six hours preceding 
death The nonprotein nitrogen content of the blood rose to 92 mg per hundred 
cubic centimeters 

At autopsy the heart weighed 440 Gm There were moderate hypertrophy 
and dilatation of the left ventricle A large friable fibrinous vegetation extended 
along the edges of the mitral valve (fig 1 A) The leaflets of the valve were 
scarred, and their edges were rolled and thickened Direct smears from the 
vegetation showed innumerable long, slender bacilli, which were irregular in 
shape and form and showed a tendency to be arranged in parallel rows They 
w^ere chiefly gram-positive, but many of them decolorized readily (fig 1C) 
Stained with Loffler’s methylene blue, metachromatic bipolar granules, character- 
istic of the diphtheroids, could be demonstrated Microscopic section of the 
valve show^ed the valvular endothelium to be ulcerated, and from its edge 
extended a dense thrombotic mass, consisting chiefly of micro-organisms bound 
together by fibrin and a few polyTOorphonucIears (fig IB) In sections stained 
by the Gram method these organisms were not decolorized 

Other significant features were noted microscopically There was acute 
arteritis in the smaller vessels of the heart, lungs, intestine and skin, character- 
ized by hvalme necrosis of the intimal layer and perivascular collections of 
polymorphonuclears and monocytes Occasionally a hyalmized thrombus was seen 
within the lumen of an arteriole There was acute splenitis characterized by 
hyaline necrosis of the centers of all the malpighian corpuscles Acute embolic 
nephritis and acute interstitial orchitis also were present There were marked 
hemorrhages in the adrenal capsules 

Gr'ozvth Cha> acfei istics of the Mic? o-Oi gantsm — ^A pure culture of the bacillus 
was obtained from the heart blood the mitral vegetation and the spleen under 
aerobic and anaerobic conditions The organisms appeared in all instances as 




Fig 1 — A, section of the heart, showing ulceration and vegetation of the 
mitral valve B, section from the mitral valve showing extensive vegetation, con- 
sisting chiefly of micro-organisms C, smear preparation from the mitral %egeta- 
tion showing micro-organisms Gram stain , X 2,000 D, smear preparation from 
a twenty-four hour broth culture stained by the Neisser method, showing meta- 
chromatic bipolar granules, X 2,000 E, smear preparation from a twent>-four 
hour culture of the organism on the chorio-allantoic membrane of a chick embryo 
Wright stain, X 2,000 
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pleomorphic, short, fat bacilli, which tended to be arranged .n picket fence 
formation Stained by the Gram method, the organisms were easilj decolorized 
Many gram-negatne forms were present, although the majority were gram- 
positive A twenty-four hour broth culture showed granular growth which 
settled to the bottom of the tube, but bj subsequent culture the organisms were 
easily induced to form a pellicle on the surface of this medium Subcultured 
on Loffler’s medium, a twentj-four hour culture showed numerous grayish white, 
glistening colonies Colonies on 10 per cent blood agar showed no hemoljsis 
After twenty-four hours small, round, opaque, white, glistening colonies appeared, 
each -with the center heaped-up and the entire edge smooth The bacillus 
fermented dextrose, lactose and maltose, with acid and without gas No fermen- 
tation occurred m sucrose Smears from these subcultures showed pleomorphic 
granular bacilli which had an irregular staining capacity By the Gram method 
they \vere readily decolorized, but when stained by the Neisser method meta- 
chromatic bipolar granules were readilj' demonstrated (fig ID) A tendency 
to arrangement in parallel rows, curved forms and clubbed ends was evident 

Tne organisms cultured on artificial mediums, however, showed marked 
differences from those obtained by direct smear from the mitral vegetation The 
organism obtained by direct smear at autopsy was much longer and more slender 
than the shorter pleomorphic form obtained by culture on artificial mediums A 
loopful of a twentj-four hour broth culture was inoculated on the chorio- 
allantoic membrane of several 12 day old chick embryos The bacilli multiplied 
rapidly and caused the death of the embryo within twenty-four hours Smears 
made from the infected membrane showed long, slender granular rods in parallel 
arrangement, much more closely resembling those seen in the smear made directly 
from the valve (fig IB) 

Animal Inoculations — Twenty-four hour broth cultures w'ere inoculated sub- 
cutaneouslv m 2 cc amounts into two guinea-pigs weighing 250 Gm , each, one of 
which had received 300 units of standard diphtheria antitoxin twenty-four hours 
previously The unprotected guinea-pig died within forty-eight hours , the pro- 
tected animal experienced no ill effects Intraperitoneal inoculation of 0 25 cc of 
a twenty-four hour broth culture caused death in an unprotected guinea-pig in 
three days A control animal, protected twenty-four hours previously with 300 
units of standard diphtheria antitoxin, survived 

Virulence tests, performed by making intracutaneous inoculations into guinea- 
pigs of 0 1 cc amounts of undiluted culture and 1 5, 1 10, 1 20, 1 50 and 1 100 
dilutions of a twenty-four hour broth culture gave positive reactions which went 
on to severe necrosis up to dilutions of 1 50 Control guinea-pigs, protected by 
300 units of standard diphtheria antitoxin, showed no reaction 

The bacillus was cultured also in shallow flasks of nutrient broth over a period 
of seven days in order to determine whether or not a toxin was produced The 
sterile Berkefeld V filtrate from a seven day old broth culture was injected m 
0 1 cc amounts intracutaneously into normal guinea-pigs and into guinea-pigs 
protected by a twenty-four hour injection of 300 units of diphtheria antitoxin 
Positive reactions w'hich progressed to severe necrosis were obtained in the 
normal animals with dilutions up to 1 20 The protected animals showed no 
reaction 

COMMENT 

From all the available evidence it can be stated that this report adds 
another to the fetv cases of vegetative endocarditis caused by the 
B diphtheriae lecoided thus £ai in the literature Morphologically and 
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culturally the organism isolated in this case belonged to the gioup 
Corynebactenuni Intiacutaneous tests in guinea-pigs nith a twenty- 
four hour broth cultuie and the filtrate of a seven da} bioth cultuie 
pioduced reactions typical of B diphtheriae Subcutaneous and intia- 
peiitoneal inoculations of the t\venty-four hour bioth cultuie caused 
death in an animal within thiee days The administration of standard 
diphtheiia antitoxin by the standaid method piotected guinea-pigs 
against the effect of the oiganism These findings piove that the organ- 
ism isolated from the initial valve was a tiue stiain of B diphtheriae 

The portal of entiy m this case most likely was the ulceiation of 
the nasophaiynx, which was caused by the piolonged packing neces- 
sitated by the continuous nosebleeds The mitral Aalve, pieviously dam- 
aged by iheumatic disease, apparently piovided a favoiable lodging 
place for the oiganism, wdiich gained entiy to the blood stream from 
the ulcerated nasophaiynx Fiom heie embolic lesions were set up 
111 the heart, intestines, kidneys, skin and mucous membianes Fioin 
the clinical course in this case it is obvious that the endocarditis was 
lapid and fulminating, lasting probably foi only five days 

SUMMARY 

A case of acute vegetative mitial endocarditis caused by B diph- 
theiiae is reported 

The bacillus isolated in pure cultuie from the heait blood, mitial 
vegetation and spleen at autopsy had the moiphologic and cultuial chai- 
acteristics of B diphtheiiae Inoculations iiffo guinea-pigs demon- 
strated Its toxin-pioducing capacity Its toxic effect for guinea-pigs 
could be neutralized by the administration of standard diplitheiia 
antitoxin 



CLINICAL SIGNIFICANCE OF BACTEREMIA IN 
PNEUMOCOCCIC PNEUMONIA 
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This papei is concerned with an analysis of 1,586 cases of pneu- 
monia associated AMth specific pneumococci of types I to XXXII 
(Cooper in which cultuies of the blood were made during the acute 
stage of the disease or at autopsy The purpose of this study is to 
correlate the incidence of bacteremia and the death rate with the moie 
common factors known or supposed to influence the prognosis, including 
(1) the type of pneumococcus, (2) the age of the patient, (3) the sex, 
(4) the character of the pulmonary lesion, (5) the extent of the pul- 
monary involvement, (6) alcoholism, (7) pieexisting diseases and con- 
ditions and (8) the leukocyte count The effect of bacteiemia on the 
incidence of septic complications and on the duration of the acute stage 
of the disease m cases of uncomplicated pneumonia is noted The inci- 
dence of positive blood cultures on diffeient days of the disease is cor- 
related with the death late Variations in the results of multiple blood 
cultuies during life and at autopsy are considered 

Few of these matters have received adequate considei ation in the 
literature, except the comparative death rates for patients with pneu- 
monia as regards the presence of bacteremia and occasional correlations 
with the t}pes of pneumococcus Most of the latter studies, further- 
more, lose much of their value because the types were not adequately 
identified 

:material and methods 

The cases included in this analysis satisfy the following criteria (1) the 
patients were 12 ^ears of age or older and were admitted to the medical services 
of the Boston City Hospital between Nov 1, 1929, and May 31, 1935 , (2) definite 

This study was aided, in part, by a grant given in memory of Francis Weld 
Peabody b\ the Ella Sachs Plotz Foundation 

From the Thorndike Memorial Laboratory, the Second and Fourth Afedical 
SerMces (Harvard), Boston City Hospital, and the Department of Medicine, 
Hars'ard Medical School 

1 Cooper, G , Rosenstem, C , Walter, A , and Peizer, L The Further 
Separation of Tjpes Among the Pneumococci Hitherto Included in Group IV and 
the De\elopment of Therapeutic Antisera for Those Types, J Exper Med 55 
531 (4pnl) 1932 
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evidence of pneumonia was demonstrated by physical signs, and except in occa- 
sional instances this was verified bj' roentgenograms or by postmortem examination 
or both, (3) pneumococci which agglutinated specifically in one of the anti- 
pneumococcus serums of types I to XXXII were isolated and identified from 
some source which suggested its etiologic relation to the pneumonia, namely, the 
sputum, blood or pulmonary or pleural fluid,- and (4) cultures of the blood were 
made on one or more occasions during the acute febrile stage of the illness and/or 
at necropsy Patients having septic postpneumomc complications, such as empyema 
or pulmonary abscess, at the time of admission to the hospital were excluded 
A total of 2,448 blood cultures were made in the 1,586 cases These included 
382 cultures of heart blood taken postmortem, this being the only blood culture 
made m 210 of the cases Cultures of venous blood were made at the bedside 
by introducing 5 or 10 cc into 100 cc of beef infusion broth {pn 7 8), with 01 
per cent dextrose added Pour plates for colony counts were made in about half 
the cases, either by introducing 1 cc (or smaller amounts when indicated) into 
10 cc of agar at the bedside or by using citrate as an anticoagulant and making 
the pour plates with 1 or 2 cc of blood in the laboratory At iiostmortem exami- 
nation blood was obtained from the inferior vena cava within the pericardial 
cavity and was placed in broth and on blood agar plates All pneumococci were 
isolated in pure culture and identified by morphologic and cultural characteristics, 
bile solubility and specific agglutination in antipneumococcus serums, either macro- 
scopically or microscopically ^ Serums for types I to XX only were available 
until May 1932 and for types I to XXXII thereafter Throughout this study the 
cases are divided into two large groups (1) the cases in which bacteremia was 
present — pneumococci were grown in culture of the blood at some time and (2) 
the cases in which bacteremia was not noted — all the blood cultures remained 
sterile In most instances the cases in which specific antipneumococcus serums 
were used are considered separately 


RESULTS 

The data will be presented chiefly in tabular form, supplemented by 
brief summaries and explanatory remarks 

Incidence of Bacteienua and the Moitahty by Types (table 1) — 
Each of the specific sei ologic types of Cooper ^ was represented, 
although for a number of types there were too few cases to be sig- 
nificant and some of the lattei included no cases in which bacteremia 
was present For each type the death late in the cases in which blood 
culture was positive was two or more times as high as m the cases in 
which the blood cultures were sterile, and for all types it averaged 
almost three times as high For only a few of the types was the 
number of cases sufficiently large to warrant deductions with respect 
to variations in the incidence of bacteremia and in the mortality From 
the data for these types, however, it appears that they may vary con- 

2 Finland, M The Significance of Mixed Infections in Pneumococcic Pneu- 
monia, JAMA 103 1681 (Dec 1) 1934 

3 (a) Avery, O T , Chickering, H T , Cole, R , and Dochez, A R Acute 

Lobar Pneumonia Prevention and Serum Treatment, Monograph 7, Rockefeller 
Institute for Medical Research, Oct 16, 1917 (b) Sabin, A B The Micro- 

scopic Agglutination Test m Pneumonia, J Infect Dis 46 469 (June) 1930 



604 


ARCHIVES OF INTERNAL MEDICINE 


siderabl} Positive results of blood cultures were obtained in slighth 
more than a third of all the cases The incidence of bacteiemia varied 
widel} in the cases of different types and was highest for the cases of 
pneumonia due to t} pe II pneumococci In the fatal cases the incidence 
of bacteremia was foui times as great as for the nonfatal cases, and 

Table 1 — Incidence of Bacteiemia and Moitality Accoiding to the Type of 

Pncitnwcoccus 
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40 

45 1 
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11 8 
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67 
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68 7 
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No serum treatment 
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84 4 
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117 
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5S2 

451 

77 5 1,004 282 

28 1 1,586 

733 

46 2 

36 7 

61 5 

15 4 


* This typo includes tvpes Via, lib and, XXVI, designations which are no longer used 


this proportion was even higher ivhen the cases in which serum treat- 
ment was given ^^ere excluded 

These findings aie similar, m geneial, to those of Bullowa and 
Wilcox,^ who noted that “in the mam the peicentages of invasiveness 
and mortality are appi oximately the same ” The higher death rates 
consistently recorded in the present report were probably due to the 
selection of cases, since we excluded all nonfatal cases in which no 

4 Bullowa, J G M , and Wilcox, C Incidence of Bacteremia in the Pneu- 
monias and Its Relation to Mortality, Arch Int Med 55 558 (April) 1935 




TILGIIMAN-riNLAND—PNEUMOCOCCIC Pi\EUIilO-\ 1 4 


605 


blood cultures weie made befoie the crisis and included man} cases 
of bronchopneumonia and also cases in which the type ^\as fiist detei- 
mmed at necropsy The age distribution in this series also ma} have 
contributed to the highei mortality, as childien veie excluded, and 

Table 2 — Incidence of Bactei enita and Moitahly Accoiding to Age and 


Blood Cultures 
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Table 3 — Bactei cmia m the Mote Common Types Accoiding to Age 


12 to 29 Tears 30 to 49 Tears 50 Tears or More 
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23 

3 

13 

29 

56 

3 

5 

32 

14 

44 

38 

52 

6 

12 

14 

8 

57 

48 

15 

6 

40 

I 

14 

8 

57 

20 

44 

3 

7 

51 

40 

78 

45 

63 

10 

16 

58 

56 

97 

62 

35 

24 

69 

IP 

8 

5 

G2 

26 

23 

0 

0 

15 

9 

60 

48 

16 

3 

19 

8 

C 

75 

50 

8 

3 

38 

ri 

8 

4 

50 

32 

17 

4 

24 

27 

19 

70 

61 

17 

3 

18 

27 

24 

89 

71 

11 

7 

64 

in 

5 

5 

100 

20 

20 

1 

3 

27 

26 

96 

34 

52 

12 

23 

86 

85 

99 

54 

72 

45 

63 

rv 

2 

2 

100 

29 

5 

0 

0 

6 

5 

83 

37 

10 

2 

20 

7 

7 

100 

54 

6 

4 

67 

v 

7 

4 

57 

29 

17 

2 

12 

13 

12 

92 

32 

27 

6 

22 

19 

18 

95 

53 

17 

9 

53 

VI 

0 

0 


0 

7 

4 

57 

1 

0 

0 

14 

6 

1 

17 

2 

2 

100 

20 

8 

5 

63 

VII 

1 

0 

0 

4 

22 

1 

5 

13 

12 

92 

37 

22 

1 

5 

11 

10 

91 

38 

18 

7 

39 

VUI 

3 

1 

33 

15 

17 

4 

24 

25 

9 

36 

37 

42 

9 

21 

18 

14 

78 

35 

34 

16 

47 

IX 

0 

0 


0 

4 

0 

0 

0 

0 


0 

7 

3 

43 

4 

3 

75 

29 

10 

3 

30 

X 

0 

0 


0 

5 

1 

20 

1 

1 

100 

11 

8 

2 

25 

5 

4 

80 

23 

17 

11 

G5 

XII 

1 

1 

100 

17 

5 

0 

0 

3 

3 

100 

25 

9 

2 

22 

6 

4 

67 

60 

4 

1 

25 

XIV 

3 

2 

67 

30 

7 

0 

0 

2 

2 

100 

18 

9 

1 

11 

4 

4 

100 

33 

8 

7 

88 

XVIII 

1 

1 

100 

8 

11 

3 

27 

o 

> 

o 

J 

100 

30 

7 

2 

29 

O 

3 

100 

27 

8 

6 

7*5 

XX 

1 

1 

100 

20 

4 

0 

0 

1 

1 

100 

8 

12 

2 

17 

2 

2 

100 

13 

13 

6 

46 

others 

3 

1 

33 

8 

37 

6 

16 

5 

4 

80 

14 

32 

8 

25 

3 

3 

100 

10 

28 

17 

61 

Total 

80 

38 

48 

21 

301 

32 

11 

225 

160 

71 

37 

391 

73 

19 

277 

253 

91 

47 

312 

177 

57 


* Treatment vith serum 


possibly, also, theie was a laigei percentage of older patients than 
usual 

Age (tables 2 and 3, chait 1) — The mortality rate increased pro- 
gressively with the ages of the patients, this being true for patients 
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both with and without bacteremia It was also true, in general, of the 
patients with each type of pneumonia The incidence of bacteremia in 
each age group paralleled the mortality through the fifth decade, after 
which the mortality continued to increase steadily, whereas the inci- 
dence of bacteremia showed a relative decline up to the eighth decade 
and an absolute decline later This is seen graphically by comparing 
the heights of the solid and of the adjacent striped bars m chart 1 
The inadence of bacteremia in both the fatal and the nonfatal cases 
was relatively lowei in the aged patients (70 years and over) and in 
adolescent children (from 12 to 19 years) than in the other age groups 
(table 2) — ^The incidence of bacteremia and the death rates 
were very similar for males and females 



Chart 1 — Comparison of the incidence of bacteremia and the mortality for 
\arious age groups 

Lobai Pneumonia and Bi onchopnenmonia (table 4) — It was pointed 
out by Suthff and Finland ° that for all types of pneumococci except 
t}pe III the mortality in cases of bronchopneumonia is considerably 
higher than in cases of lobar pneumonia due to the same type of pneu- 
mococcus The greater mortality m the cases of bronchopneumonia 
(better termed “atypical” pneumonia®) was here found in each type, 
both with and without bacteremia Bacteremia, however, was less fre- 
quent for most t}pes in the cases of atypical pneumonia, indicating 

5 Suthff, W D , and Finland, M The Significance of the Newly Classified 
Tjpes of Pnuemococci m Disease Types IV to XX Inclusive, J A M A 101 
1289 (Oct 21) 1933 

6 Cole, R Acute Pulmonary Infections, in De Lamar Lectures, 1927-1928, 
Baltimore, Williams 6L Wilkins Companj', 1928 
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that the high mortality in such cases is due to the frequency with 
which this kind of pneumonia occurs as a complication or as a terminal 
event in the course of other serious conditions “ 

Extent of Pnhnonai y Involvement (table 5) — The death rate was 
higher in the cases m which the greater amount of lung was involved 
This was true regardless of whether or not bacteremia was noted, and 
also, in a general way, within the different age groups Bacteremia was 
considerably more frequent in the cases in which two oi more lobes 

Table 4 — Incidence of Bacteieima and Mottahty tn Cases of Lobai Pneumonia 

and m Bi onchopnaumonta 


Lobar Pneumonia 


Bronchopneumonia 
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15 
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10 
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4 
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32 
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0 

0 

17 

5 

3 

60 

VII 

S 

1 

0 

0 

11 

8 

0 

0 

1 

1 

100 

100 

0 

0 


VII 


20 

18 

90 

29 

49 

5 

10 

3 

3 

100 

38 

5 

4 

80 

vin 


38 

17 

45 

38 
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58 
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2 
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21 

1 

1 
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13 
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43 
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19 
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13 
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38 

others 


1 

5 

71 

10 

04 

14 

22 

4 

3 

75 

11 

33 

17 

51 

Serum treat 















ment 


101 

45 

44 5 

35 

178 

21 

118 

1 

1 

100 0 


0 

0 


No serum 















treatment 

412 

340 

85 2 

39 

650 

159 

24 4 

68 

67 

98 5 

28 

176 

102 

53 

Total 


513 

385 

75 0 

38 

828 

180 

21 7 

69 

66 

95 0 

23 

176 

102 

58 


were involved than m the cases in which the disease was limited to a 
single lobe When three lobes were involved the incidence of bacteiemia 
was somewhat higher than when two lobes were involved Foi an} 
given amount of involvement there was a higher incidence of bac- 
teremia in the older age groups, but this difference was especiall} 
marked m the cases m which a single lobe was affected Involvement of 
two or three lobes was moie frequent m the older age gioups (table 6) 

Alcoholism (table 7) —There was little diffeience in the incidence 
of bacteremia or in the death rates among those patients who said they 
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had not used alcohol and those who were habitual drinkers, including 
even those who were acutely intoxicated fioni alcohol or had delirium 
tremens at the time of admission to the hospital The younger alcoholic 
addicts, however, showed a higher incidence of bacteremia and a higher 

Table 5 — Incidence of Bacicienna and Moitalify m Relation to the Niimbei of 

Lobes of the Lungs Involved 


Blood Cultures 
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Negative 


Positive 


Negative 






CD- 


*3! 


O 


O 


e3 


O 


oS 




O 


c3 

o 


o 


es 

O 




o 


a 


c3 

Q 


o 


d 

O 


d 

s 


c3 

o 

'3 

p=t 


o 

fll 


D 


o 


C3 

O 




o 

a 

Ph 


One Lobe Involved 


Two Lobes Involved 


12 29 

Serum 

16 

2 

13 

19 

68 

1 

1 

11 

3 

27 

52 

10 

2 

20 


No serum 

16 

6 

38 

11 

132 

9 

7 

18 

13 

72 

33 

36 

7 

19 

3019 

Serum 

18 

6 

33 

24 

56 

3 

5 

14 

6 

43 

56 

11 

5 

45 


No serum 

60 

41 

68 

26 

173 

26 

15 

48 

39 

81 

40 

72 

16 

22 

50 and 

Serum 

9 

6 

67 

37 

15 

5 

33 

8 

5 

63 

62 

5 

1 

20 

over 

No serum 

87 

79 

91 

49 

90 

31 

34 

70 

67 

96 

55 

58 

36 

62 

All 

Serum 

43 

14 

33 

24 

139 

9 

6 

33 

14 

42 

56 

26 

8 

31 

ages 

No serum 

163 

126 

77 

29 

395 

66 

17 

136 

119 

87 

45 

166 

59 

36 


I 

Three Lobes Involved Tour or Pive Lobes Involve^, 


12 29 

Serum 

4 

y 

50 

57 

8 

0 

0 

1 

1 

100 

33 

2 

0 

0 


No serum 

5 

3 

60 

22 

18 

3 

17 

3 

2 

67 

30 

7 

3 

43 

30 49 

Serum 

12 

8 

67 

75 

4 

0 

0 

3 

3 

100 

75 

1 

1 

100 


No serum 

42 

33 

78 

60 

28 

4 

14 

8 

6 

75 

57 

6 

4 

67 

50 and 

Serum 

4 

2 

50 

67 

2 

2 

100 

1 

1 

100 

50 

1 

1 

100 

over 

No serum 

45 

41 

91 

65 

24 

14 

58 

10 

10 

100 

62 

6 

6 

100 

All 

Serum 

20 

12 

60 

69 

9 

2 

22 

5 

5 

100 

56 

4 

2 

50 

ages 

No serum 

92 

77 

84 

57 

70 

21 

30 

21 

IS 

86 

52 

19 

13 

68 


* Types I, II and VII serums were used 


Table 6 — Extent of the Pulmonaiy Lesion m Diffeient Age Gioups 



12 to 29 Tears 

30 to 49 Tears 

50 Tears or More 
^ 

Number of Lobes 

No of 

Incidence, 

No of 

Incidence, 

' No of 

Incidence, 

Involved 

Cases 

% 

Cases 

% 

Cases 

% 

1 

232 

66 3 

307 

55 2 

201 

46 2 

9 

75 

214 

145 

261 

141 

32 4 

3 

30 

86 

86 

15 5 

75 

17 2 

4 or 5 

13 

37 

18 

32 

18 

A 1 

Total 

350 

100 0 

556 

100 0 

435 

100 0 


mortality than the abstainers in the same age group, but there was only 
a small number of such young imbibers Only 9 per cent of all the 
alcoholic patients were less than 30 years of age, as compared with 
32 pel cent of the abstainers 

Pi cexishng Systemic Diseases and Othei CoinphcaUng Conditions 
(table 8) — There was a significantly greater incidence of bacteremia 





Table 7 — Influence of Alcohohsm on Incidence of Bactei emia and on Death Rates 
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o 


0) 

to 


Blood Cultures 



Abstainers and Infrequent Drinbers Moderate Chronic Drinkers 


12 29 

Serum 

22 

6 

27 

26 

62 

0 

3 


0 

0 

29 

6 

0 

0 


No serum 

26 

11 

50 

IS 

120 

15 

13 

2 

2 

100 

22 

7 

1 

14 

30 49 

Serum 

26 

11 

42 

40 

39 

1 

3 

5 

4 

so 

33 

10 

3 

30 


No serum 

64 

47 

73 

32 

134 

21 

16 

23 

17 

74 

32 

50 

10 

20 

50 and 

Serum 

8 

5 

62 

38 

13 

5 

39 

T 

5 

71 

64 

4 

1 

25 

over 

No serum 

102 

95 

93 

51 

100 

61 

Cl 

22 

19 

81 

42 

30 

16 

53 

^11 

Serum 

56 

22 

39 

33 

114 

8 

7 

14 

9 

64 

42 

19 

4 

21 

ages 

No serum 

192 

155 

SI 

35 

354 

97 

27 

47 

38 

81 

35 

87 

27 

31 


Acutely IntOMcated and/or with Alcoholic History Not 

Delirium Tremens Determined 


12 29 

Serum 

‘T 

0 

0 

40 

3 

0 

0 

'V 

2 

33 

32 

13 

1 



8 

No serum 

3 

3 

100 

38 

5 

1 

20 

17 

12 

71 

17 

85 

12 

14 

30 49 

Serum 

0 

3 

50 

38 

10 

1 

10 

11 

6 

54 

46 

13 

4 

31 


No serum 

32 

26 

81 

48 

35 

8 

23 

58 

46 

79 

37 

100 

25 

25 

50 and 

Serum 

3 

2 

07 

43 

4 

1 

25 

4 

2 

50 

67 

2 

2 

100 

over 

No serum 

19 

18 

95 

41 

25 

8 

12 

112 

107 

95 

45 

135 

83 

61 

All 

Serum 

11 

5 

45 

39 

17 

2 

12 

21 

10 

48 

43 

28 

7 

26 

ages 

No serum 

54 

47 

87 

46 

65 

17 

26 

187 

165 

88 

37 

320 

120 

38 


Table 8 — Effect of Piecvistmg Complicatmg Conditions and Systemic Diseases 
on the Incidence of Bactei emta and on the Moitahty 


Complicating Condition 


Positive 
Blood Cultures 


Serum No Serum 
Treatment Treatment 


Negative 

Positive Blood Cultures 

Blood , — * > 

Cultures, Serum No Serum 
% Treatment Treatment 


Q) CQ TO Swot 

m ^ ^ ^ o) 

TO TO 2 TO TO 
C3 -3 C3 *3 

^ O O D O 


O -3 C3 O a C3 

Iz; Ps Ps ;z; S Ph 


O C3 c3 o c3 c3 

O c3 c3 O c3 e3 

Ph fz; Ph Ph 


Cardiac disease 

Pregnancy and the puerperium 
Delirium tremens . 

Postoperative 
Cerebral accident 
Carcinoma 
Nephritis and uremia 
Leukemia and pernicious anemia 
Tuberculosis (pulmonary) 

Asthma (bronchial) 

Cirrhosis of liver 
Diabetes 
Diabetic coma 

Acute infectious diseases (other than 
pneumococcic) 

Miscellaneous (trauma, morphine addic 
tion, neuritis, embolus, epilepsy, 
scurvy, ulcer, hemachromatosis, 
bronchiectasis, sickle cell anemia, 
gangrene, decubitus, iodine poisoning, 
periarteritis nodosa, burns) 


7 

7 

100 

89 

85 

96 

54 

50 

6 

2 33 

89 

61 

68 

7 

1 

14 

11 

8 

73 

54 

48 

6 

1 17 

12 

5 

42 

7 

2 

29 

20 

20 

100 

70 

58 

3 

1 33 

18 

7 

39 

1 

0 

0 

10 

7 

70 

100 

36 



18 

9 

50 




9 

9 

100 


47 



10 

8 

80 




9 

9 

100 


56 



7 

6 

86 

1 

1 

100 

0 

6 

100 

100 

60 



4 

4 100 




6 

5 

83 


86 



1 

0 

0 




7 

' 5 

71 

0 

50 

1 

1 100 

7 

1 

14 

1 

0 

0 

5 

'4 

80 

20 

31 

4 

1 25 

11 

3 

27 

1 

1 

100 

4 

4 

100 

100 

57 



3 

2 

67 




5 

5 

100 


38 



8 

5 

63 




1 

1 

100 


17 



5 

4 

80 




3 

f> 

o 

100 


IS 



14 

8 

57 


2 

2 

100 

10 

8 

SO 

50 

29 

2 

1 

50 25 14 

56 

27 

14 

52 

195 

179 

92 

55 

46 

22 

7 

32 232 137 

59 

75 

32 

43 

285 

226 

79 

32 

32 156 

14 

9 594 124 

21 


With previous disease 
Without complicating disease 


Table 9 — Relation of the Leukocyte Count to Incidence of Bacteremia and 

to Moitahty 


Blood Cultures 
» 


^ 

Positive 

A 

— * 

Negative 



Leukocyte* Count, 
Thousands 

Number 

of 

Cases 

Patal 

Cases 

Fatal 

Oases, 

% 

Total 

Cases, 

% 

Number 

of 

Oases 

Fatal 

Cases 

Tatar 

Cases, 

% 

Less than 5 

33 

32 

97 

69 

15 

8 

53 

5 to 9 

58 

55 

95 

40 

87 

35 

40 

10 to 14 

108 

87 

81 

33 

223 

45 

20 

15 to 24 

160 

106 

66 

31 

364 

93 

26 

25 to 34 

57 

32 

56 

33 

113 

26 

23 

85 and over 

27 

22 

82 

40 

41 

12 

29 

Not made 

139 

117 

84 

46 

161 

63 

39 

Total 

582 

451 

78 

37 

1,004 

282 

23 


• The mean of the counts taten dunng the acute febrile period of pneumonia was usualiv 
talen If the fluctuations were wide, the highest or lowest count alone was included when 
that seemed more significant than the mean 



Chart 2 — Comparison of the incidence of bacteremia and the mortality for 
various levels of the leukocyte count 

in the cases of pneumonia which occurred in the course of other serious 
conditions or diseases (so-called secondary pneumonia) than m the cases 
of primary pneumonia The death rate m the cases of secondary pneu- 
monia was higher both when positive and when negative blood cultures 
were obtained, but the difference was most sti iking in the latter cases 
The Leukocyte Count (table 9 and chart 2) — The differences in the 
mortality rate at different leukocyte levels varied in the same manner 
as the incidence of bacteremia Bacteremia was most frequent in the 
cases in which the leukoc}d;e count was below 10,000 It was higher 
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m the cases in which the count was 35,000 or more than in those in 
which it was between 10,000 and 34,000 The mortality in all the cases 
coi responded to the incidence of bacteremia, except in the cases m which 
the count was less than 10,000, in which there was a relatively higher 
death rate The lower counts were somewhat more frequent in the cases 
of bacteremia 

Postpneiimomc Complications (table 10) — Bacteremia was moie 
than twice as frequent m the cases in which there were postpneumonic 

Table 10 — Relation of Bacteiemia to the Incidence and Moitality of Post- 

pneiimomc Complications 


Blood Cultures 
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Treatment 


No Serum 
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o 
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o 

C3 

Ph 

a 

pH 
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IZcEh 
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w 

a 


pH 

Empyema 

16 

5 

31 

61 

35 

90 

73 

65 

6 

2 

33 

33 

16 

49 

Sterile pleural efiusion 

5 

3 

60 

8 

4 

50 

86 

26 

9 

1 

11 

23 

3 

13 

Pulmonary abscess 

2 

2 

100 

24 

24 

100 

50 

63 

2 

2 

100 

14 

11 

79 

Pericarditis 




21 

21 

100 

0 

78 

1 

1 

100 

6 

6 

100 

Endocarditis 

3 

3 

100 

10 

10 

100 

100 

83 




3 

3 

100 

Peritonitis 




1 

1 

100 


100 







Meningitis 

2 

2 

100 

16 

16 

100 

100 

94 




1 

1 

100 

Parotitis 

1 

0 

0 

1 

1 

100 

50 

50 

1 

1 

100 

1 

0 

0 

Arthritis 

1 

0 

0 

4 

3 

75 

100 

100 







Subcutaneous abscess 

2 

0 

0 

3 

2 

67 

100 

60 




3 

1 

50 

Thrombophlebitis 

1 

0 

0 

3 

2 

67 

50 

60 

1 

0 

0 

3 

0 

0 

otitis media 




3 

3 

100 

0 

25 

3 

0 

0 

9 

3 

S3 

Con 3 unctivit!s 




2 

1 

50 


100 







Streptococcic infection 

4 

2 

50 

1 

0 

0 

100 

11 




8 

5 

63 

Relapse 




1 

0 

0 


33 




2 

0 

0 

With complications* 

33 

13 

39 

126 

113 

90 

61 

56 

21 

5 

24 

98 

41 

42 

Without complications 

69 

33 

48 

354 

292 

82 

31 

33 

157 

16 

10 

728 

220 

30 

With complications, % 

32 



26 





12 



12 




* Cases of multiple complications are included -with each of the complications but only 
once m the totals 


complications as in those in which there were none Conversely, the 
complications were more than twice as frequent in the cases of bac- 
teremia as in the cases in which bacteremia was not noted The death 
rate in the cases in which there were postpneumonic complications was 
higher than m the cases in which pneumonia terminated without such 
complications, except for the cases of bacteremia in which serum treat- 
ment w-as given The situation was different in the cases in which the 
pleural effusion was sterile, the incidence of bacteremia and the death 
rates m these cases being similar to those m the cases in which there 
were no “septic” complications 



Table 11 — Duiafion of the Acute Illness 



13 16 20 or Termi 

to to and nation 


Positive blood cultures 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

15 

20 Over Indefinite Total 

Serum 

Number of cases 

0 

1 

3 

13 

14 

15 

12 

10 

5 

3 

5 

2 

5 

1 

4 

9 

102 

Fatal cases 


1 

1 

0 

8 

5 

3 

8 

3 

2 

3 

i 

3 

0 

4 

2 

46 

Fatal cases, % 


100 

33 

15 

57 

S3 

25 

80 

60 

67 

60 

50 

60 

0 

100 

22 

45 

No serum 

Number of cases 

2 

5 

9 

25 

21 

37 

51 

42 

48 

39 

27 

18 

22 

19 

19 

96 

4S0 

Fatal cases 

2 

4 

6 

22 

19 

26 

45 

33 

35 

30 

25 

15 

22 

17 

18 

86 

403 

Fatal cases, % 

lOO 

80 

67 

88 

91 

70 

88 

79 

73 

77 

93 

83 100 

89 

95 

90 

84 


Negative blood cultures 
Serum 

Number of cases l 2 12 39 43 30 IS 12 5 1 3 2 7 0 2 1 178 

Fatal cases 0011315320102 2 0 21 

Fatal cases, % 0 0 S 3 7 3 28 25 40 0 33 0 29 100 0 12 

No serum 

Number of cases 0 9 20 41 G7 71 89 97 83 42 36 27 49 25 23 147 826 

Fatal cases 4 4 16 12 15 23 17 18 8 13 10 14 9 19 79 261 

Fatal cases, % 44 20 39 IS 21 26 18 22 19 36 37 29 36 83 54 32 


Serum treatment 1 3 15 52 57 45 30 22 10 4 8 4 12 1 6 10 280 

No serum treatment 2 14 29 66 88 108 140 139 131 81 63 45 71 44 42 243 1,306 


Total 3 17 44 11b 145 153 170 161 141 85 71 49 S3 45 48 233 1,586 



Chart 3 — Comparison of the duration of the acute illness, the mortaht) , the 
incidence of bacteremia and the type of treatment for various age groups The 
height of the columns represents the number of cases 


Dwation of the Acute Disease (table 11 and chart 3) — In the cases 
in which no specific serum was given the termination of the acute dis- 
ease by crisis, lysis or death occurred most frequently between the 
seventh and the ninth da} This was true regardless of the presence 
of bacteremia In the cases in which serum was administered recoven 
was usually between the fourth and the sixth da}, regardless ot wdiether 
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positive or negative blood cultuies were obtained Fatalities in the cases 
in which specific treatment for bacteremia was given occurred with 
equal frequency between the fourth and the sixth day and between the 
seventh and the ninth day, whereas the fatalities in the cases m which 
bacteremia was not piesent and in which serum was administered weie 
most frequent during the lattei mteival In the cases of pneumonia 
either with or without bacteremia m which serum was not given 
the death rates weie highei in cases in which the disease terminated 
aftei the tenth day than in those in which the acute disease ended 
earlier In the cases in which serum was given the mortality was 
highei when the disease ended after the seventh day when the blood 

Table 12 — Incidence of Bacfei emta anid Moitality on Each Day of Illness 
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K 

Ph 
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1 and 2 

19 

6 

31 

34 

37 

5 

14 

22 

12 

54 

19 

92 

31 

S3 

3 

32 

14 

44 

28 

82 

5 

6 

S3 

23 

70 

22 

118 

26 

22 

4 

23 

10 

43 

24 

74 

11 

15 

57 

42 

74 

82 

118 

21 

18 

5 

21 

9 

43 

24 

67 

12 

18 

54 

40 

74 

28 

141 

29 

25 

6 

11 

6 

54 

19 

45 

10 

22 

47 

35 

74 

30 

147 

40 

27 

7 

13 

10 

77 

31 

28 

7 

25 

58 

46 

78 

37 

100 

21 

21 

S 

7 

3 

43 

33 

14 

4 

29 

55 

46 

83 

37 

94 

21 

22 

9 

4 

2 

50 

25 

12 

4 

33 

39 

36 

92 

42 

48 

12 

25 

10 

2 

1 

50 

20 

8 

5 

63 

24 

22 

91 

35 

45 

14 

31 

After 10 

11 

7 

64 

41 

16 

6 

38 

46 

40 

87 

37 

80 

31 

39 

Not determined 

2 

2 

100 

50 

2 

2 

100 

39 

36 

92 

40 

59 

30 

41 

^ Blood cultures taLen 

after 

recov ery by 

crisis 

or lysis 

are not 

included 





cultures were positive or aftei the sixth day when the blood cultures 
were sterile 

Blood Ctdtmes on Vanons Days of Illness (table 12 ) — For the 
cases in which positive blood cultuies were obtained there was a higher 
mortality than for the cases m which negative cultures weie obtained, 

II respective of the day when the cultures were taken The incidence of 
bacteiemia when serum tieatment was withheld iiici eased moderately 
as the disease advanced, and this was accompanied with some inciease 

III the death rate, paiticulaily in the cases of bacteiemia 

Vanahons in the Results of Blood Cultuies tn the Same Case (table 
13 ) — Sterilization of the blood stieam without apparent improvement 
of the acute symptoms or in spite of a piogression of the pulmonary 
lesion occurred more fiequently after serum theiapy was given than 
in cases m which no seium was administeied The moitality in such 
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cases, both ith and without serum treatment, was lower than for the 
entire group of cases of pneumonia with bacteremia (table 1) , when 
serum was not given, however, the mortality was still high The expla- 
nation for the lack of adequate improvement and foi the occasional 
initial appeal ance of a positive blood culture after the beginning of 
serum therapy may rest on the inadequacy or lateness of the treatment ' 
The death rate in the cases in which positive blood cultures were 


Table 13 — Outcome in Cases tn Whtch Both Positive mid Negative Blood 

Cnltwes Weie Obtained 






Total 



Serum 

No Serum 

Number of 



Treatment 

Treatment 

Cases 

Positive cultures, followed 1 

Number of cases 

48 

43 

91 

by negative cultures during J 

Patal eases 

9 

26 

35 

acute illness or at autopsy 1 

Patal cases, % 

19 

60 

38 

Negative cultures, followed 

r Number of cases 

4 

47 

51 

by positive cultures during ^ 

Patal cases 

3 

40 

43 

life or at autopsy 

[ Patal cases, % 

75 

85 

84 


Table 14 — Results of Cultmes of Heart Blood at Autopsy 


Cultures Made During Life 

ivone , 

Positive 

Negative 

Positive and later negative 
Negative and later positive 
Negative, positive and later negative 
Successively positive, negative, positive 
and negative 

Positive for hemolytic streptococcus* 
Positive for Pnedlander’s baciUust 


Postmortem Blood Cultures 

- A 


t 

Total 

Number 

of 

No Serum Treatment 

y 

Serum Treatment 

A 

r 

Posi 

Nega- 

Posi 

tive. 

t 

Posi 

Nega 

Posi 

tive, 

Cases 

tive 

tive 

% 

tive 

tive 

% 

209 

114 

94 

55 

1 

0 

lOO 

91 

62 

18 

78 

8 

3 

73 

55 

18 

31 

37 

1 

5 

17 

4 

1 

1 

50 

0 

2 

0 

10 

6 

2 

75 

1 

1 

50 

1 

0 

0 


1 

0 

0 

3 

0 

1 

0 

0 

2 

0 

8 

1 







382 

201 

147 

58 

12 

13 

48 


Total 


* Antemortem cultures 5 negative and 2 that were first negative and then positive (for 
pneumococcus) In 1 case no antemortem culture was made 
t Positive for Priedlander’s bacillus dunng life 


obtained after the cultures had been sterile was the same as for all the 
cases of bacteremia 

PosUnoitem Blood Cidtutes (table 14) • — ^The incidence of positive 
cultures of heart blood, made usually from two to eighteen hours post 
mortem, was similar to that found in all the fatal cases (table 1) 
Positive cultures were obtained for heart blood in over a third of the 

7 Finland, , and Dowling, H F The Dose of Antibody Effective in the 
Treatment of Pneumococcus Type II Pneumonia, Am J M Sc 191 658 (May) 
1936 Finland, M Adequate Dosage in the Specific Serum Treatment of Pneu- 
mococcus Tjpe I Pneumonia, ibid 192 849 (Dec) 1936 
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cases m which such cultures were made after sterile cultuies had been 
obtained during life 

Bactei enna and Multiple Types of Pneumococci (table 15) — Posi- 
tive blood cultures may be of great assistance in determining the etio- 
logically significant organism in cases of pneumonia with ‘^mixed 
infections ” Type I pneumococcus invaded the blood stream in all 9 
cases of bacteremia in which this type occurred along with other types 
of pneumococci Type III pneumococci, on the other hand, invaded 
the blood in only 6 of the 9 cases of bacteiemia m which this type and 
others were involved Type X occurred in 3 cases and type XX in 
2 cases in which other types of pneumococci were cultured from the 

Table 15 — Multiple Types of Pneumococcus in Cases of Bacteiemia 


Type of Pneumococcus 



Termma 

r 

Blood Culture 

J 

Pleural 

Lung 

Heart Blood 

Case* 

tiont 

Sputum 

During Life 

Pluid 

(Autopsy) 

(Autopsy) 

1 

D 

I, III 

I 




2 

D 

X 

I 


I 

0 

3 

D 

I, in 

I, III 


I, III 


4 

D 

XXX 

1 


I 

0 

5 

D 

VI 



I 

I 

6 

D 

I.X 

I 




7 

D 

XX 




I 

8 

D 

I, XXIV 

I 


I 

I 

9 

I) 

I, II 

I 


I 

I 

10 

D 

XX 

II 




11 

D 

III, VIII 

III 



III 

12 

D 

III, XXI 

III 




13 

D 

HI 

m 


III, XXIV 

III 

14 

D 

III, XXIII 

III 



• 

15 

D 

VIII 

III 




16 

D 


rv 


IV, XIII 

IV 

17 

D 

V 


V 

V, x 

V 

18 

R 

III, XI 

XI 




19 

D 

III, XIV 

XIV 


xrv 

XIV 

20 

R 

X, XXXI 

XXV 





* In cases 1 to 3 serum treatment was given 
t R indicates recovered, D, died 


blood It cannot always be determined, however, whether such findings 
are the result only of the lack of invasiveness of certain types or 
whether they indicate that these types are not related to the pulmonary 
infection Other methods may be invoked and may help in such cases 
or in cases in which sterile cultures are obtained ^ In only 1 of our 
20 cases were two types identified in the blood In this case type I 
and type III pneumococci were found It is possible and likely that 
other instances of invasion of the blood stieam with more than one 
type of pneumococcus have been missed 

Quanhidhve Blood Cultmes — Fluctuations from daj- to day between 
positive and negative blood cultures for the same patient, even with 
specific serum therapy, have already been noted Such variation may 
depend, in general, on the degree of bacteremia, that is, the number 
of pneumococci per cubic centimeter of blood, or possibly on the methods 
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used in taking the cultures In a number of cases, however, the blood 
exhibited a remarkable ability to sterilize itself even without therapy 
and occasionally even after a heavy invasion For the bacteremic 
patients who recovered the colony count was usually below 10 per cubic 
centimeter of blood ® The prognosis was usually unfavorable when 
the number of colonies increased in successive blood cultures,® but this 
was not invariably true, as will be seen from some of the cases to be 
cited here 

The heaviest invasion encountered in a fatal case was estimated at 
35,000 colonies of type II pneumococci per cubic centimeter of blood 
This was obtained m a 53 year old patient with cirrhosis of the liver 
and pneumonia involving two lobes The largest number of colonies 
per cubic centimeter grown from the blood of a patient who recovered 
without serum therapy was 1,700 This was a case of type V pneu- 
monia and will be described herewith A few instances in which the 
blood became sterile aftei heavy invasion and without specific therapy 
will be noted biiefly 

A man aged 62 years with a single lobe of one lung consolidated showed 20 
colonies of type I pneumococcus per cubic centimeter of blood on the eighth dav 
of his illness Daily cultures thereafter showed 70, 200, 80, 50, 12, 29 and 2 
colonies per cubic centimeter of blood respectively The cultures taken from the 
fifteenth to the nineteenth day, inclusive, were all sterile The patient died on 
the twenty-third day of his illness, and the culture of the heart blood at autopsy 
was sterile 

Recovery occurred in a case of pneumonia due to type I pneumococci with 225 
colonies per cubic centimeter of blood The patient was a man 34 years old who 
showed acute alcoholic intoxication at the time of his admission to the hospital 
Blood cultures showed 60 colonies per cubic centimeter on the fourth day, 225 
colonies on the fifth, 21 colonies on the eighth, a positive culture in broth but no 
growth in the plates on the twelfth day and sterile cultures on the fifteenth, 
sixteenth and nineteenth days His convalescence was complicated by septic 
arthritis due to type I pneumococcus, but eventually he made a complete recovery 
On the fifth day of illness a 32 year old man who showed acute alcoholic 
intoxication at the time of his admission to the hospital had 250 colonies of 
tjpe II pneumococcus per cubic centimeter of blood The entire right lung was 
consolidated No specific therapy was given On the seventh day the pour plates 
showed 17 colonies per cubic centimeter of blood, and on the ninth day the 
cultures were sterile and lysis began The patient had a small empyema and 
conjunctivitis, from both of which type II pneumococci were cultured Both these 
complications cleared rapidly and completely, the former after a single thoracen- 
tesis and the latter after local irrigations 

A woman of 27 had pneumonia due to type V pneumococci after a miscarriage 
On the second dav of the pneumonia a culture showed 50 colonies per cuoic 

8 Cole, R Acute Lobar Pneumonia, in Nelson Loose-Leaf Living Medicine, 
New York, Thomas Nelson & Sons, 1920, vol 1, p 248 

9 Koch, K R The Prognostic Value of Repeated Blood Cultures m 
Pneumococcus Lobar Pneumonia, Am J M Sc 184 364 (Sept ) 1932 
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centimeter of blood On the third day there were 5 colonies and on the fouith 
day 1,700 colonies per cubic centimeter of blood On the fourth day dilation and 
curettage, with removal of retained placental fragments were carried out 
Blood cultures taken on each of the next two days were sterile Recovery by 
lysis began on the ninth day and was followed by an uneventful convalescence 
A man aged 21 showed 65 colonies of type VII pneumococci per cubic centi- 
meter of blood on the twenty-sixth day of illness Blood culture on the thirty- 
first day was sterile, but the patient died of empyema two days later 

Resume of the Data Relating to Specific Serum Theiapy — During 
the period covered by this study concentrated specific antipneumococcus 
serum ivas used in the treatment m a large pioportion of the cases of 
type I and type II pneumonia The results of this therapy are dealt 
with in greater detail elsewhere A small number of patients with 
type VII pneumonia were treated with specific serum during the latter 
part of this study In the accompanying tables all of these cases in 
which specific treatment was given and in which blood cultures were 
made are included and for the most part listed separately, in order 
to indicate the differences m death rate when compared with the cases 
111 which specific serum treatment was not given It is well to review 
these findings briefly 

The incidence of bacteremia was the same for all the serum-treated 
patients as for the nonserum-treated patients The survivals after serum 
therapy included a much larger percentage of the cases of bacteremia 
than was found for the cases in which recovery was obtained without 
serum treatment (table 1 ) 

For the cases m which bacteremia was not present, the differences 
111 mortality were equally striking in each of the types in which serum 
was used A similar difteience was noted m the cases of type I pneu- 
monia in which blood culture was positive, but the difference was not 
nearly as striking m the cases of type II pneumonia (table 1 ) 

The young and the old patients, the bacteremic and the nonbac- 
teremic, all shared m varying degrees in the reduction m moitahty from 
serum therapy (table 3 ) There are no data available concerning serum 
therapy m cases of bronchopneumonia (table 4 ) 

In general, the death rates were lower among the serum-treated 
patients, ii respective of the number of lobes of the lungs involved, both 
in those with and m those without bacteremia (table 5 ) 

Serum-treated alcoholic patients also showed a lower mortality than 
nonserum-treated patients with similar alcoholic habits, irrespective of 

10 Sutliff, W D , and Finland, M Type I Pneumococcic Infections with 
Especial Reference to Specific Serum Treatment, New England J Med 210 
237 (Feb 1) 1934 Finland, M, and Sutliff, W D The Specific Serum Treat- 
ment of Pneumococcus Type II Pneumonia, JAMA 100 560 (Feb 25) 1933 
Finland and Dowling ’’ 
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age and the “degree” of alcoholism This was true for both the bac- 
teremic and the nonbacteremic patients (table 7) 

Patients with significant preexisting systemic diseases likewise 
showed a lower mortality if treated with serum The differences in the 
death rates were similar to those found among patients without these 
complicating conditions (table 8) 

Septic complications occurred with equal frequency among serum- 
treated and nonserum-treated patients This was true for both bac- 
teremic and nonbacteremic patients (table 10) Large sterile effusions 
occurred in a higher percentage of serum-treated (5 per cent) than in 
untreated patients (3 per cent) 

Recovery by crisis or lysis occurred earliei in the serum-treated 
patients, both bacteremic and nonbacteremic No striking difference 
between serum-treated and nonserum-treated patients was observed with 
regard to the duration of the disease in the fatal cases (table 11 , fig 3) 

The incidence of bacteremia tended to decline each day for the first 
SIX days of the disease among the recipients of serum, whereas among 
those who were not treated with serum the incidence of positive blood 
cultures tended to increase each day After the sixth day the incidence 
of bacteremia among the serum-treated patients fluctuated from day 
to day and tended to approach that found among the patients treated 
without serum Considering the results of blood cultures taken on 
different days of the disease up to the sixth day, the mortality was 
consistently lower among the serum-treated patients, whether the cul- 
tures were positive or negative After the seventh day, however, the 
mortality was lower only for the patients who showed positive blood 
cultures (table 12) 

The influence of serum m helping to sterilize the blood stream was 
reflected by the frequency with which positive blood cultures were fol- 
lowed by negative cultures, even when the disease was still m progress 
(table 13), by the rarity with which positive blood cultures were 
observed after previous cultures had remained sterile (table 13) and by 
the somewhat lower percentage of positive cultures of heart blood post 
mortem for the specifically treated patients (table 14) 

It IS to be emphasized that the patients listed here as serum-treated 
include all the patients receiving the homologous type of antibody, 
irrespective of the amount or the time of its administration The 
importance of the dose of antibody and of the day of the disease when 
it IS given are considered in detail elsewhere 

COMMENT 

Space does not permit a detailed discussion of all the possible impli- 
cations and deductions which may be drawn from the data here pre- 
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sented It is hoped that these findings will help to answer a number 
of questions with regard to the significance of bacteremia, which can 
be answered only aftei a laborious analysis of a large amount of mate- 
rial in some such manner as was here attempted 

Much of the earhei hteiature purported to show that pneumonia 
IS always accompanied with bacteiial invasion and that the divergent 
results obtained by different observers may be ascribed to the technics 
used in making the blood cultures Such a view would necessarily 
divest of any prognostic significance the finding of pneumococci in the 
blood of patients with pneumonia There is considerabl)'’ better agree- 
ment in the moie recent literature in this regard, and the differences 
in the incidence of bacteremia and the mortality, while the figures may 
possibly vary for different localities or for different years, aie prob- 
ably more affected by the choice of cases or by the attempts to draw 
conclusions from a small number of cases The more recent knowledge 
concerning the biology of the pneumococcus has tended to standardize 
methods sufficiently to exclude this as an important factor 

SUMMARY 

A series of 1,586 consecutive cases of pneumococcic pneumonia due 
to pneumococci of types I to XXXII (Cooper) m which blood cultures 
were made during life and/oi at autopsy was analyzed with respect to 
the incidence of bacteremia and the mortality The i elation of the 
finding of positive blood cultures to other factors which are known 
or supposed to influence the prognosis has been considered The effect 
of bacteremia on the occurience of postpneumomc complications and 
its influence on the duration of the disease also were noted Cases in 
which treatment with specific serum was given have been compared with 
cases m which no serum was given with respect to most of these sub- 
jects The data are presented largely in tables, and the deductions are 
summarized in the text under the appropriate headings 

11 Prochaska, A Baktenologische Blutuntersuchungen bei Pneumonien, Cen- 
tralbl f mn Med 21 1145, 1900 Rosenow, E C Studies in Pneumonia and 
Pneumococcus Infections, J Infect Dis 1 280, 1904 Kinsey, F C Exami- 
nation of the Blood of Pneumonia Patients for Pneumococci, J A M A 42 
758 (March 19) 1904 
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Knowledge of the physiology of the nitrites is much confused 
This may be attributed in pait to the previous lack of a test sufficiently 
sensitive yet specific for detecting the piesence of or measuring extiemely 
minute quantities of nitrite Very minute doses of nitrite have profound 
physiologic effects Although an immense amount of investigation has 
yielded many significant observations, many enigmas still remain unsolved 
m this complex field 

Glyceryl trinitrate was discovered by Sobreio ^ m 1847, and the first 
physiologic studies on nitrites were initiated Since then the accumulated 
literature has become enoimous, and only a few significant papers can 
Oe reviewed here Early analytic studies ® revealed nitrite in many 
tissues but in some only after the tissues were ground Livei i educes 
nitrate to nitiite® The mechanism of this reductipn is not definitely 
determined, but a vital process is presumably involved because this 
reduction is completely abolished by one five hundredth molar cyanide 
Nitrite IS found in human urine only in the presence of Bacillus coli 
infection of the uiinaiy tract and nevei m noimal urine This fact 
has been applied as a diagnostic aid 

The pharmacologic effects of nitrite are of two types primal ily, 
relaxation of smooth muscle and, secondaiily, other physiologic 
responses, often due to changes in the ciiculation The primary effect 

■^Julius Stieglitz Junior Fellow 

From the George Herbert Jones Chemical Laboratory and the Department of 
Physiology, the University of Chicago 
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1 Sobrero, A Institut 15 S3 (Feb 15) 1847 

2 Stepanow, A Arch f exper Path u Pharmakol 47 411, 1902 

3 Bernheim, F, and Dixon, M Biochem J 22 125, 1928 

4 Jaegg 3 % E, and Lanz, W Schweiz med Wchnschr 65 363, 1935 Mac- 
hold, K Med Klin 30 1097 (Aug 17) 1934 Merkelbach, O Ztschr f khn 
Med 110 427, 1929 Popper, L , and Weiss, S Wien khn Wchnschr 41 1081, 
1915 Catel, W Jahrb f Kmderh 140 253, 1933 
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IS most conspicuous on the cells of the smooth muscles of the arterial 
and arteriolar walls Secondar}'^ effects aie observed m secretory organs 
which are affected by changes in the blood flow For example, an 
inci eased rate of pancreatic secretion follows the administration of 
nitrite'' Nitrites cause a cessation of peiistalsis of the intestines and 
relaxation of the stomach, with lehef of pain due to hypertonicity ® 
This response has been employed in gastro -intestinal roentgenology to 
distinguish between spasm and organic constriction Expeiiments with 
isolated strips of intestinal wall indicate that nitrite acts directly ^ on 
the smooth muscle of the intestines The effect of nitiite on the smooth 
muscle of the uterus is less intense but of the same character ® Sodium 
nitrite has an effect similar to, though of lessei degree than, histamine 
111 increasing gastiic secretion® This effect is due, no doubt, to the 
vasodilating action of the nitrite 

The administration of nitrite produces a fall in the level of the 
blood sugar in diabetic as well as in normal subjects, later followed 
by a rise in the concentration This has been explained as due to an 
increased diffusion of sugar out of the dilated capillaries, but sugar, 
which reduces nitrite, must itself be oxidized in the piocess A fall in 
blood pressure stimulates the secretion of epinephiine and the consequent 
libeiation of hepatic glycogen'^® When amyl nitrite is administered to 
dogs the volume of the hvei is reduced Conflicting lepoits confirm 
and deny that nitrites affect the rate of oxygen consumption Hyper- 
pnea, which fiequently follows the administration of nitiite, has been 
attributed to the direct action of the drug on the lespiiatory center'^® 
There is also evidence that nitrites affect the sensoiy endings in the 
caiotid sinus and produce reflex hyperpnea 

5 Barlow, O W Am J Physiol 81 189 (June) 1927 

6 (a) Beams, A J The Effect of Nitrites on Pain and on Motility of the 
Gastro-Intestinal Tract I Clinical Study, Arch Int Med 49 270 (Feb ) 1932 
(b) Beams, A J, and Barlow, O W The Effect of Nitrites on the Motility 
of the Gastro-Intestinal Tract 11 Experimental Study, ibid 49 276 (Feb ) 1932 

7 Herzfeld, E, and Kruger, R Klin Wchnschr 8 1174 (June 18) 1929 

8 Croft, C R Lancet 2 166, 1928 

9 Bergman, A Prensa med argent 15 1526 (May 20) 1929 

10 Tournade, A, and Chabrol Compt rend Soc de biol 93 934, 1925 

11 Edmunds, C W J Pharmacol & Exper Therap 18 155 ''Sept ) 1921 

12 (a) Meyers, J Arch d mal du cceur 19 615, 1926 (b) Weiss, S , and 
Ellis, L B Influence of Sodium Nitrite on the Cardiovascular System and on 
Renal Activity, Arch Int Med 52 105 (July; 1933 

13 Rosenbluth, E , and Wassermann, S Arch f exper Path u Pharmakol 
144 235, 1929 

14 Danielpolu, D , and Aslan, A J de physiol et de path gen 23 572 and 
606, 1925 Heymans, C , Bouckaert, J J , and Dautrebande, L Compt rend 
Soc de biol 106 1279, 1931 
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The use of glyceiyl trinitrate in medicine followed Sobrero’s dis- 
co\eiy in 1847, Guthrie^® introduced amyl nitrite in 1859, and sodium 
nitiite was employed clinically foi the first time in 1883^® Arteiial 
dilatation is so geneial that the soluble nitrites and alkyl nitiates cause 
a profound reduction of the arteiial tension Insoluble nitrate, as 
bismuth subnitrate, has been used as a vascular sedative m the treatment 
of hypei tensive arterial disease with encouraging results Sollinann^® 
has stated that vasodilatation due to nitrite piobably is the result of a 
diiect action on the smooth muscle of the walls of the aiterioles, with 
no significant action on the capillaries and venules, but otheis^® have 
suggested that the capillaiies are affected It has been stated also that 
the venules are dilated by nitrite With active hypei emia induced by 
arteiiolai dilatation an increase m the capillary flow is inevitable Den- 
sham showed that lactate ion acts as an adjuvant to the vasodilator 
effect of sodium nitrite The tone of the vessels also is affected diiectly 
by changes in the acid-base balance, but the effect of the lactate ion is 
specific and is not obtained with hydrochloric acid at a similar hydrogen 
ion concentiation 

A reflex hypertension often follows vasodilatation produced by 
nitiite This vasoconstriction is explained as being due to a secondary 
stimulation of the vasomotor center resulting from the primary fall in 
blood pressure and consequent cerebral anemia It is said that the car- 
diac output IS increased somewhat by the administration of nitrites,^'* but 

15 Guthrie, F Quart J Chem Soc 11 245, 1859 

16 Hay, M Practitioner 30 180, 1883 

17 Stieglitz, E J J Pharmacol & Exper Therap 32 23 (Nov) 1927, 

34 407 (Dec) 1928 , 46 343 (Nov) 1932, Bismuth Subnitrate in Treatment ol 
Arterial Hypertension, J A M A 95 842 (Sept 20) 1930, Arterial Hyperten- 
sion, New York, Paul B Hoeber, Inc, 1930, Abnormal Arterial Tension, New 
York National Medical Book Co , 1935 Bruen, C J I ab & Clin Med 18 138 
<Nov) 1932 

18 Sollmann, T Manual of Pharmacology, ed 2, Philadelphia, W B Saun 
ders Company, 1926, p 494 

19 Deusch, G , and Liepelt, A Deutsches Arch f klin Med 160 207, 1928 
Leake, C D , Kammer, A G , and Hitz, T B J Pharmacol & Exper Therap 

35 143 (Feb) 1929 Schulman, E, and Marek, J Compt rend Soc de biol 
95 1474, 1926 Carrier, E B Am J Physiol 61 528, 1922 

20 Payan, L , and Giraud, E Compt rend Soc de biol 93 351, 1925 

21 Densham, B J Physiol 63 175, 1927 

22 Gaucher, M , Lequime, J , and Van Bogaert, A Compt rend Soc de 
biol 114 1056, 1933 Dautrebande, L Arch internat de pharmacodyn et de 
therap 43 247, 1932 Burgess, A M Ann Int Med 5 441, 1931 

23 Pilsher, J D , and Sollmann, T J Pharmacol & Exper Therap 6 323, 
1915 

24 Gaisbock, F , and Jarisch, A Wien klin Wchnschr 40 1540, 1927 
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this IS denied by Weiss and Ellis In this connection it should be men- 
tioned that Weiss and Ellis observed no improvement m renal secretion 
following the administration of sodium nitrite, in contradistinction to the 
finding by Mason that the late of excretion of water by the kidneys is 
definitely increased secondary to an increased blood flow produced by 
sodium nitrite, provided the blood pressure is not too markedly lowered 
It must be emphasized that changes in the lenal circulation are dependent 
not only on the systemic arterial tension but especially on the state of 
constriction or dilatation of the renal vessels Nitrates have deflnite 
diuretic properties 

A wholly unsolved pioblem is the question of why the doses lequiied 
to produce a ceitam degree of vasodilatation should vaiy so markedly 
with the different nitrites and alkyl nitrates One milligram of glyceryl 
trinitrate produces the same fall in aiterial tension as does 40 mg of 
erythrol tetranitiate, 50 mg of sodium nitrite oi 100 mg of amyl nitiite 
These wide differences cannot be accounted for on the basis of the 
amount of nitrite ion available It has been assumed, but nevei pioved, 
that ease of diffusion and cellular penetration are the chief variables 
The alk3d nitrates act by liberation of the nitrite ion thiough hydrolysis 
Tolerance to nitrites is acquired lather easily Crandall and his 
collaboratois demonstrated an acquired toleiance and cioss-tolerance 
between nitrous and nitric acid esters in man The ciiteiion of tolerance 
in their experiments was an increase in the dose of nitrite necessary to 
produce headache There is a marked individual variation in the amount 
of nitrite required to cause headache, but befoie as well as after 
tolerance has developed the dose which will cause headache in any one 
subject IS lemarkably constant Tolerance to sodium nitiite is pioduced 
with difficulty and only after long administration of laige doses 
Erythrol tetranitrate, glyceryl trinitrate, ethylene glycol dinitrate, methyl 
nitrate and amyl nitrite all produce a cross-tolerance This tolerance 
develops irrespective of the loute of administration of the diug The 
tolerance is to the chemical substance (presumably nitrite ion) and 
not to the physiologic response, for no cross-tolerance to other vaso- 

25 Mason, EC J Lab & Chn Med 9 529, 1924 

26 Loeb, A Deutsches Arch f klm Med 94 579, 1908 

27 Keith, N M , Whelan, M , and Bannick, E G The Action and Excretion 
of Nitrates, Arch Int Med 46 797 (Nov ) 1930 

28 Hay, M Practitioner 30 422, 1883 Crandall, L A , Jr J Pharmacol 
& Exper Therap 48 127, 1933 

29 Crandall, L A , Jr , Leake, C D , Loevenhart, A S , and Muehlberger, 
C W J Pharmacol & Exper Therap 41 103, 1931 

30 Oltman, T Thesis, University of Wisconsin, 1927 

31 Myers, H B , and Austin, V T J Pharmacol & Exper Therap 36 227 
1929 
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dilators, such as histamine, is acquired The tolerance, irrespective of 
the nitrite-forming drug used, lasts for about ten days aftei withdrawal 
Tolerance is acquiied most rapidly from those esteis most slowly 
hydrolyzed by alkali 

All these pharmacologic studies are of great interest, but they fail to 
illuminate whether or not nitrites exist as such in the body fluids in 
the normal state and are concerned with normal physiologic processes 
and whether the concentration of nitrite in the body fluids is actually 
increased after the administration of nitrites and/or nitrates An 
extremely sensitive, accurate method of analysis is required for the 
detection and measuiement of the nitrite content of the tissue fluids, 
for the concentration is extraordinarily minute The development of 
a more highly sensitive test made possible these studies on the nitrite 
content of the blood, spinal fluid, saliva, urine and sweat 

METHOD 

By using alphanaphthylamine and the disodium salt of betanaphthylaniine-6,8 
disulfonic acid (known as amino-G acid) — an intense azo dye is produced in the 
presence of nitrite ions The “amino-G” salt is substituted for the sulfanihc acid 
of the Ilosvay test^'* The azo d>e is intense violet in acid solution Nitrite can 
be detected by this reaction in pure water in dilutions of 1 250,000,000 in the 
unknown The test is applicable to quantitative colorimetric determinations because 
of the relative permanence of the color produced 

Nitrites are especially unstable and active m an acid solution, the liberated 
nitrous acid is readily destroyed, either by oxidation or by reduction Certain 
bacteria destroy nitrite readily It combines with hemoglobin to form methemo- 
globin The nitrite content diminishes rapidly m sterile blood on standing in vitro 
It IS of the utmost importance, therefore, to avoid any destruction of nitrite in 
the unknown solution prior to the application of the test When the method is 
applied to blood the specimen must be preserved so that the nitrite content is 
unaltered for several hours It was found that the detectable content of nitrite 
could be preserved for at least twenty-four hours by mixing the blood with zinc 
sulfate 33 immediately on withdrawal A modified Somogvi technic for the 
precipitation of proteins was used throughout these experiments Details of 
method and precautions to be observed with the use of this technic were described 
at length in an earlier paper 33 

The test offers the following advantages over previously reported methods 
(a) greater sensitivity, (b) uniformity of color for at least eighteen hours, (c) 
relatively stable reagents, which keep well, and (d) rapid maximum development 
of color 

32 Herman, R F , Leake, C D , Loevenhart, A S , and Muehlberger, C W 
Proc Am Soc Pharmacol & Exper Therap 27 259, 1926 Oltman, T V, and 
Crandall, L A, Jr J Pharmacol & Exper Therap 41 121, 1931 

33 Stieglitz, E J , and Palmer, A E J Pharmacol & Exper Therap 51 
398, 1934 

34 Ilosvay Bull Chem 2 347, 1889 Gness, P Ber d deutsche chem 
Gesellsch 12 423, 1879 Somogyi, M J Biol Chem 86 655, 1930 
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RESULTS 

The test was applied to many samples of blood of noimal human 
beings (table 1), and it was found that nitrites exist in normal blood 
with an average measured concentration of 0 8 microgram pei hundred 
cubic centimeteis At times a sample from a subject who ordinarily 
showed some nitrite m the blood was found to give a negative lesult 
In two subjects foi whom fiequent readings were obtained over a 
period of two and one-half 3’^ears, it was noted that negative results 
were obtained during the warm months of the year In another patient 
it was observed that the readings were negative during attacks of gout 


Table 1 — Nitnte Conteuf of Nounal Blood 


Ago 

Sex 

Arterial 

Tension 

Nitrite 
Microgrnms 
per 100 Cc 

23 

M 

118/ 80 

08 

72 

R 

190/ 20 

07 

‘■)2 

F 

170/110 

00 

23 

M 

115/ 70 

1 1 

25 

M 

125/ 85 

1 5 

23 

M 

125/ SO 

1 2 

27 

M 

125/ 80 

0 3 

22 

M 

125/ 75 

1 1 

22 

M 

122/ 75 

09 

20 

M 

120/ 80 

00 

20 

M 

122/ 75 

1 0 

38 

M 

140/ 90 

00 

21 

M 

124/ 80 

1 5 

23 

R 

124/ 83 

1 0 

24 

R 

120/ 82 

08 

24 

R 

120/ 85 

07 

24 

R 

120/ 80 

00 

34 

M 

120/ 85 

1 1 

34 

M 

118/ 85 

1 3 

34 

M 

115/ 85 

00 

35 

M 

110/ 80 

05 

33 

M 

114/ 85 

00 

23 

M 

118/ 75 

1 3 

23 

M 

120/ 70 

08 

23 

M 

135/ 82 

00 

50 

M 

140/ 85 

00 

Average 
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Normal uiine contains no nitrite Known amounts of a standard 
solution of nitrite were added to acid urine and to alkaline mine The 
amount of nitrite which could be measured, as compared with the 
standard, was decreased in both, with a slightly greater decrease in the 
alkaline urine It was observed also that pure solutions of phosphates 
decreased the amount of detectable nitrite 

The test was applied to saliva collected by means of a special tube 
fitting over Stensen’s duct and was found to yield positive results of 
a magnitude comparable to that of the blood Saliva not thus caiefully 
collected is contaminated with bacteria and food particles, and the 
leadings are fai higher 

Spinal fluid was obtained fiom six patients and all six fluids gave 
negative results 
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Tests were carried out on sweat also Four healthy men were 
studied They stayed in a hot room (140 oi 150 F ) for four periods 
of ten niinutes each, with one half to one hour of rest between periods 
The skin was carefully cleansed with soap and water and then with 
alcohol and ether The sweat was allowed to flow directly into a test 
tube containing the “ammo G” acid reagent, and the alphanaphthlamine 
was added later Each subject had imbibed a total of 1,500 cc of a 
mixture of orange juice, lemon juice and water Four successive sam- 
ples of sweat were collected from each subject (table 2) It will be 
noted that in the first two subjects there was a progressive decrease 
m the concentration, whereas in the last two the concentration remained 
practically constant, at levels paralleling those found in blood 

The test was applied to the blood and spinal fluid of dogs, with 
consistently negative results In rabbits both the blood and the urine 
showed negative results, although the blood gave positive readings after 
the administration of nitrite 

Table 2 — NiUitc Ion in Szveat 


Nitrite Ion, Micrograms per 100 Cc 


Subject 

r ■ 

Period 1 

Period 2 

Period 3 

Period 4 

A 

1 5 

08 

00 

00 

B 

20 

10 

00 

00 

C 

1 5 

1 5 

1 S 

1 5 

n 

1 6 

1 5 

1 5 

14 


Thus it IS demonstiated that nitrite ion exists m minute but constant 
amounts in normal human blood, saliva and sweat but that -we have 
been unable to find it in normal spinal fluid and mine Analyses of 
the blood, spinal fluid and urine of dogs and rabbits gave negative 
results for nitrite The probable sources of the normal blood nitrite 
are many 

Various foods contain nitrites and/or nitrates Meats are occasion- 
ally preserved with nitrites or nitrates,®® and many legumes and green 
1 egetables contain nitrates Persons working in glyceryl trinitrate 
plants or with other nitrates or nitrites absorb enough so that tolerance 
for the drug develops Certain bacteria, notably Bacillus coli and 
Bacillus lactis-aerogenes of the normal intestinal flora, reduce nitrate 
to nitrite, they do so with greater ease in a semisohd than in a solid 

35 Kolbe, F Ztschr f Fleisch- u Milchhyg 39 173, 1929 Maze, P , ai’d 
j\Iaze, P J Compt rend Soc de biol 115 15 and 16, 1934 

36 Laws, G C The Effects of Nitroglycerin upon Those Who Manufacture 
It, J A M A 31 793 (Oct 1) 1898 Letts and Rea J Am Chem Soc 105 
1157, 1914 Ebnght, G E The Effects of Nitroghcenn on Those Engaged m 
Its Manufacture, J A M A 62 201 (Jan 17) 1914 
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medium and least leadily m a liquid medium®' Expeiiments were Gai- 
ned out with a strain of B coli isolated fiom the intestinal tract of 
a human being to determine the abilit} of this organism to reduce 
sodium nitrate and bismuth subnitrate It was found that these bacteiia 
1 educed these substances and produced lelativel} laige amounts of 
nitrite The bacteria also reduce nitrite, and, therefoie, much of the 
nitrite foimed is thus simultaneously destroyed®® Such reduction of 
nitrate to nitrite ceitamly occurs in the bowel when nitrate i caches the 
colon, with its myriads of B coli 

Reduction of tissue nitiates is anothei souice of nitiite Nitiates 
exist in many tissues of the body - Whelen ®® determined the amounts 
of nitiate and nitiite together as averaging about 1 mg of nitrate 
mtiogen per giam of tissue, which reveals an ample tissue reseive of 
nitrate as a potential source of nitiite Iron in the presence of dextrose 
IS a factor m the reduction of tissue nitrate to nitrite Tests of nitroso- 
diethylamine for nitrite give a strong positive result Thus, othei 
01 game substances may be considered as potential sources of nitiite 
Theie aie reducing substances m the blood itself which probably act 
on any nitrate absorbed No appreciable variation in the nitrite in 
human blood was detected paralleling dietary variation with fasting or 
with a high intake of meat oi vegetables 

Nitnte-formmg or nitrite-containmg drugs increase the nitrite con- 
tent of the blood Following the administration of sodium nitiite it 
was possible to demonstrate a rise in the concentration of nitrite m the 
blood One subject, with an initial arterial tension of 122 systolic and 
75 diastolic and a blood nitiite content of 0 86 microgram pei hundred 
cubic centimeters, was given 0 12 Gm of sodium nitrite In one-half 
hour the arterial tension had dropped to 102 systolic and 65 diastolic, 
and the nitrite content had increased to 4 5 mici ograms per hundi ed 
cubic centimeters In one hour the arterial tension was 114 systolic and 
70 diastolic, and the nitrite level was slightly reduced to 3 7 micrograms 
per hundred cubic centimeters In another subject administration of 
sodium nitrite (0 18 Gm ) caused a rise in the blood nitrite which mea- 
suied from 1 to 3 1 micrograms per hundred cubic centimeters in twenty 
minutes Experiments in which bismuth subnitrate was administered 
01 ally substantiate the hypothesis that ingested nitrate is reduced to 
nitrite m the lower portion of the intestinal tract by mtrate-i educing 

37 Zobell, C E J Bact 24 273, 1932 

38 (a) Buswell, A M Chemistry of Watei and Sewage Treatment, New 
York, The Chemical Catalog Company, Inc, 1928, p 247 (h) Stieglitz, E T, 
and Palmer, A E J Pharmacol & Exper Therap 56 216 (Feb ) 1936 

39 Whelen, M J Biol Chem 86 189, 1930, J Lab & Clm Med 20 755 

1935 

40 Baudisch, O J Biol Chem 48 489, 1921 
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bacteria and that the nitrite thus produced is absorbed into the blood 
stream as such, for the measurable nitrite content of the blood increases 
correspondingly 

The normal detectable nitrite content of the blood, howevei, is 
remaikably constant It is highly piobable that there is a continuous 
formation and simultaneous destruction of nitrite in the blood Nitrite 
IS rapidly destroyed by blood m vitio, and this destruction is due to 
a number of substances Protein decreases the amo'unt of nitrite which 
can be measured , the greater the amount of protein pi esent, the greatei 
the deciease m measuiable nitrite Nitiite and hemoglobin form stable 
methemoglobm Pi ecipitation of proteins from egg albumin and solu- 
tion of nitrite reduces the detectable nitrite m the filtiate to but a 
fraction of the amount of nitrite originally added Dialysis of serum 
or solutions of egg albumin were carried out against pure water, using 
a pyroxylin membiane, and after dial)'Sis equal amounts of nitrite ivere 
added to the fractions The poition remaining m the sac (undialyzable 
fraction) showed gi eater activity m destroying nitrite than did the 
dialysate Nitiite is very active chemically and reacts readily with the 
amine gionps of piotein 

Dextiose also destroys nitiite This is demonstrated readily in the 
test tube In connection with the effect of sugai on the mtiite leadings, 
the nitrite levels of normal and diabetic subjects were compared In 
foul diabetic patients, two of whom were receiving insulin and two 
of whom were not, with concentrations of sugar ranging fiom 183 
to 330 mg per hundred cubic centimeters of blood, no nitiite could be 
detected in the blood In one subject with suspected diabetes, with a 
sugar content of 118 mg pei hundred cubic centimeters of blood, 
without insulin, a positive reading of 04 miciogiam pei hundred cubic 
centimeters of blood was obtained Further work along this line must 
be carried out to make these lesults convincing, these observations are 
merely suggesti-ve The administration of nitrates leads to a fall in 
the level of the blood sugar 

It has long been suspected that noimal blood contains thiocyanate 
ion, which has a powerful destiuctive action on nitrite Both thiocj^a- 
nates and nitrites are vasodilators In synthetic piotem and thiocyanate 
solutions it was shown that enough thiocyanate remains in the filtrate 
after protein precipitation to destroy added nitrite Silver thiocyanate 
IS highly insoluble Modification of the technic by adding silver acetate 
immediately to freshly drawn blood gave slightly higher readings than 
those found m the same blood analyzed m the usual manner Since 
minute amounts of thiocyanate will destroy relatively large amounts 
of nitrite (1 microgram of thiocyanate destroys 10 micrograms of 
nitrite) , and since nitrite is actually found in the blood, this observa- 
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tion indicates that thiocyanate may exist in normal blood, but only in 
extremely minute amounts 

Comparison of control solutions and solutions containing uiea in 
concentrations equivalent to those in the blood showed no difference 
in the measurable content of nitrite Uric acid likewise had no effect 
Even the addition of amounts of uiic acid such as are obseived in the 
blood in gout showed no diminution of the nitrite content This is 
inteiestmg in the light of oui not being able to obtain nitrite leadings 
foi the blood of one subject with gout during periods of hypeiuiic- 
acidemia Epmephiine, however, actively destroys nitrite 

Pure ammo-acetic acid, cystine, tyrosine, alanine and leucine weie 
added to standaid solutions of nitrite No appieciable decrease in the 
concentiation of nitrite was obseived Alcohol in vitro reduces nitrite 
The nitrite content of the blood was found to fall fiom 0 8 microgram 
pel hundred cubic centimeteis to negative findings after several alcoholic 
drinks 

CONCLUSIONS 

With a new sensitive specific test for nitiites studies have been 
made to deteimine whether nitrite ion exists in ceitani noimal biologic 
fluids and what the factois aie which control the amounts found in 
the blood 

It has been shown that nitrite is piesent in small amounts in the 
blood, saliva and sweat but not in the spinal fluid or noimal uiine of 
man The concentration of detectable nitiite ion in normal human blood 
IS of the ordei of magnitude of 1 100,000,000 during the cool months, 
and fiequently none is found in hot weather The concentration of 
nitrite in the blood has been shown to inciease after the administration 
of sodium nitrite or bismuth subnitrate 

It has been shown that proteins, sugai, alcohol, phosphates, epi- 
nephrine and thiocyanate decrease the amount of measurable nitrite 
and that blood on standing even a few minutes shows a rapidly deci eas- 
ing amount of nitrite available for the test Nitrites are unstable 
chemically and are readily destroyed either by oxidation or by reduc- 
tion Certain bacteria destroy nitrite readily Because of the lapid 
disappearance of nitrite from blood and the lelative constancy of the 
level found m freshly drawn blood, one may tentatively assume that 
theie IS a constant production and destruction of the nitrite going on 
in the body It also seems more than likely that only a fraction of the 
nitiite which may be m the blood stream is measured The fact that the 
normal readings are relatively constant seems to indicate that perhaps an 
aliquot portion is obtained 

Amino acids, urea and uric acid do not seem to have any influence 
on the nitrite level of the blood 
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The source of the nitrite of the blood may be fiom administration 
by any route, absoiption of nitrites fiom the bacterial reduction of 
food or drug nitrates in the lower portion of the bowel or absorption 
of nitrates and a subsequent reduction in the blood stream itself or a 
reduction of nitrates in the tissues Any of these sources may be foci 
of a more oi less constant pioduction of nitrite, probably m fai greater 
amounts than those shown in the course of these expeiiments, because 
of the many factors constantly destroying the nitrite Nitrite, as 
nitrous acid, has profound effects in very small amounts on a great 
many functions of the body directly by its action of lelaxmg smooth 
muscle, especially aiteriolar muscle, and indirectly by its effects on the 
blood flow in secretoiy organs 

The exact physiologic significance of the blood nitrite is uncertain, 
but it may be that normally it aids m maintaining those functions which 
are stimulated by the administration of therapeutic doses Clinical 
application of nitiite analysis of the blood may reveal some correlation 
between a disturbed nitiite metabolism and abnormalities of the arterial 
tension With a new and far more sensitive test foi minute quantities 
of nitrite, quantitative phaimacologic studies are now made possible 

ABSTRACT OF DISCUSSION 

Dr Anton J Carlson, Chicago My interest in this work arose from the 
fact that one is dealing here with a new normal constituent of the internal environ- 
ment The nitrites appear to be present in an amount similar to that of some of 
the vitamins and some of the hormones that have a profound effect in the body 
economy The work has been difficult so far I admire Dr Stieglitz’ persistence 
in contributing to fundamental medical science while making his living in medical 
practice I think it is the result partly of heredity and partly of environment He 
has opened up a new field here I do not know whether it is going to be a blind 
alley or of profound significance, but nitrates given by mouth can apparently be 
converted to nitrites in sufficient amounts to produce significant physiologic effects 

Dr Edward J Stieglitz, Chicago This work has been discouraging at times 
Nitrite IS so easily destroyed, and it is so easy for things to become contaminated 
Ordinary tap water as it comes from Lake Michigan contains from a hundred to 
a thousand times as much nitrite as is found m the blood Glassware left in the 
laboratory is contaminated with the fumes of nitrous acid Glassware must be 
washed with cleaning solution and rinsed with fresh distilled water within half 
an hour of its use The corollary of hormones going around to the frontal lobes 
did not occur to me, but the work has seemed like the music which goes around 
and around, very little comes out Just one little toot has been heard so far, but 
I am convinced that there is a lot more music in this horn 
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The influence of the sun’s rays on the lesions of pellagra has been 
a subject of debate for nearly two hundred years Casal ^ noted a sea- 
sonal variation in the incidence of pellagra, with a peak which corre- 
sponded to the spring equinox In Italy one of the common names 
applied to this disease by the peasants is mal del sole (disease of the 
sun), while certain Italian physicians have described the lesions as 
due to “sunstroke of the skm ” ^ Many modern clinicians ^ have stated 
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brough, J A Treatment of Pellagra, South M J 5 99 (Feb ) 1912 (g) 
Menage, HE A Cursory Study of Skin Manifestations of Pellagra with Refer- 
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their conviction that there is a close relationship between exposure to 
sunlight and the development of cutaneous lesions in a pellagrin Vaii- 
ous observers ^ have produced typical cutaneous lesions in pellagrins by 
exposing normal or recently healed areas of skin to direct sunlight 
Gherardini demonstrated the effect of the sun by systematically 
uncovering various parts of the body of each patient Bouchard,®*' 
Hameau and Oimsby^"' had their subjects wear fenestrated gloves, 
Wilson ®*' had them expose both arms, and we ■'y have produced typical 
lesions m subjects by having each expose one arm to direct sunlight 
Randolph prescribed a sun bath for a Negro with pellagra After a 
short period of exposure the patient complained of intense burning 
of the skin, and he was promptly removed to a dark room, neveitheless, 
seveie dermatitis appeared and was followed by stomatitis, diarrhea 
and dementia The patient finally recovered 

The presence of lesions on unexposed portions of the body, such 
as the elbows, knees, sacrum, scrotum and perineum, has led certain 
students ® of pellagra to deny the influence of sunlight in the production 
of the dermatitis Tucker,®** Enright ®** and Goldberger and Sebrell 

J A M A 90 364 (Feb 4) 1928 (e) Manthos, C Pellagre d’abord attenuee 

(pellagroide), demonstration de la photosensibilisation, Bull Soc franc de dermat 
et syph 39 1380, 1932 (/>) Gougerot, Burnier, R, and Meyer, J Pellagre 

pansienne, ibid 38 847 (June) 1931 (g) Cluver, E N Pellagra Among the 

Maize Eating Nations of the Union of South Africa, Brit M J 2 751, 1929 
(j ) Bass, C C Pellagra, M Qin North America 12 1181 (March) 1929 
(j) Hartsock, F M Radiant Energy Sprue and Pellagra, Mil Surgeon 66 
523 (April) 1930 (f) Smith, J H The Influence of Solar Rays on Metabolism, 

Arch Int Med 48 907 (Nov, pt 2) 1931 (n) Corkill, N L Pellagra in 

Sudanese Millet Eaters, Lancet 1 1387, 1934 (v) Kirby, W L The Eruption 

of Pellagra, South Med & Surg 97 11 (Jan ) 1935 (zy) Gherardini, cited bv 
Sambon 2 (^) Hameau, cited by Sambon 2 (y) Ruffin, J M, and Smith, D T 

The Treatment of Pellagra with Certain Preparations of Liver, Am J M Sc 
187 512 (April) 1934 {z) Neusser, E Die Pellagra in Oesterreich unci 

Rumanien, Vienna, Alfred Holder, 1887 

4 (,cr) Ormsby, O S Pellagra, J Cutan Dis 30 589, 1912 (&) 

Bouchard 211 Randolph 3^ Wilson Gougerot, Burnier and Meyer Gher- 
ardmi Hameau 3"^ Ruffin and Smith 3y 

5 (a) Searc 3 ^ G H An Epidemic of Acute Pellagra, J A M A 49 37 

(Julv 6) 1907 (b) Warnock, J Pellagra m Egypt, ibid 53 1664 (Nov 13) 

1909 (c) Tucker, B R Pellagra, with the Analytical Study of Fifty-Five 

Non-Institutional or Sporadic Cases, ibid 56 246 (Jan 28) 1911 (cf) Enright, 
J I Pellagra Outbreak in Egypt, Lancet 1 998, 1920 (<?) Crutchfield, E D 

Pellagra with Special Reference to the Skm and Mucous Membrane, Arch Der- 
mat & Syph 17 650 (May) 1928 (/) Goldberger, J Pellagra, revised by 

W H Sebrell, in Tice, F Practice of Medicine, Hagerstown, Md , W F Prior 
Companj’-, Inc , 1931, vol 9, pp 205-231 {g) Long, J D Pellagra, JAMA 

55 734 (Aug 27) 1910 (/i) Spies, T D Relationship of Pellagrous Dermatitis 

to Sunlight, Arch Int Med 56 920 (Nov ) 1935 
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recognized that an existing lesion can be accentuated by exposure to 
sunlight, while Spies®*' stated that the cutaneous lesions heal equally 
well regardless of whetbei the patient is kept in the dark or exposed 
to direct sunlight Bigland and Spies failed to produce lesions in 
pellagrins by exposing them to sunlight, and Gougerot, Burnier and 
Meyer,®P Crutchfield,®® Bassi “ and Spies reported that they noted 
no unfavoiable response to ultraviolet radiation 

In an effort to determine which of these conflicting views is coriect, 
an investigation of the subject was begun at Duke Hospital in 1931 
It soon became apparent m taking the histones that a majority of 
patients, when specifically questioned, recalled a piolonged exposure 
to sunlight shortly before the appearance of the cutaneous lesions It 
was noted also that the occurrence of dermatitis was almost invariably 
followed by constitutional symptoms of varying intensity In only 

Table 1 — Relaiimship of Constxtuiional Symptoms to the Appcanancc of 
Dexmahtis m One Hnndied and Thu tv Cases of PeUagxa 



Occurrence Before 
Dermatitis 

A 

Occurrence Coincident 
■with or After 
Dermatitis 

A 

Symptom 

No of Cases 

N 

Percentage 

t 

No of Cases 

Percentage 

Sore mouth and tongue 

17 

13 

93 

72 

Diarrhea 

12 

9 

G6 

51 

Abdominal pain 

5 

4 

16 

12 

Nausea and vomiting 

G 

7 

27 

19 

Anorevia 

C 

7 

37 

29 

Nervousness 

0 

7 

32 

27 

Mental disturbance 

0 

0 

21 

16 

Paresthesia 

2 

2 

17 

13 

Ataxia 

0 

0 

S 

G 


seventeen of one hundred and thirty consecutive patients with pellagra 
were the mouth and tongue sore before the appearance of dermatitis 
In ninety-three these symptoms were noted coincident with oi appeared 
after the development of cutaneous changes Diarrhea was present in 
twelve cases before and in sixty-six after the appearance of cutaneous 
lesions The relationship of the most important symptoms to the appear- 
ance of dermatitis is shown in table 1 

These findings suggested that the severe constitutional symptoms 
of pellagra are related in some way to the action of sunlight on the 
exposed surfaces of the body Thiity-five patients with clinical pellagra 
weie hospitalized with the object of determining accurately the older 
of appearance of symptoms after controlled exposure of a portion of 
the body to the direct rays of the sun The ordinaiq'- hospital diet, with 
an abundance of fresh red meat, milk, fruit and vegetables, is exactly 
the diet which Goldbergei recommended foi the cure of the disease 

6 Bassi, U Porphvrin in Pathogenesis of Pellagra, Clin med ital 65 241 

1934 
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Therefore, it was necessaiy to devise a basal diet which was adequate 
in protein, fat, carbohydrate, calories, minerals and all the vitamins 
except the pellagi a-preventive factor of Goldberger This diet was 
called standard basic diet 1 and is detailed in table 2 Although it is 
not entirely deficient in the pellagra-preventive factor, it produced black 
tongue when fed to dogs The last ten patients m this series received 
standard basic diet 2, which was identical with diet 1 except that tomato 
juice was replaced by 90 mg of cevitamic acid 

Patients with moderately severe pellagra were admitted to the hos- 
pital, fed the standard basic diet and protected fiom the direct rays 
of the sun The cutaneous lesions usually improved under this legmien 
In some cases the constitutional symptoms also subsided, in otheis they 
lemained the same or became accentuated 

Aftei the preliminary peiiod of obseivation one hand and foiearm 
and in some cases the corresponding foot and lower portion of the 
leg were exposed to the direct lays of the sun on from thiee to five 
consecutive days The fiist exposure was usually for twenty or thirty 
minutes, and the time was increased b}’’ fifteen minutes each day up 
to a maximum of one hour Members of tbe stafif and patients with 
other diseases weie used as controls, and in no instance was the exposure 
severe enough to produce a sunburn Deimatitis appealed over the 
exposed areas m thiiteen of the thirty-five cases (table 3) Two 
patients in whom no dermatitis was observed showed constitutional 
symptoms No accentuation of the clinical manifestations of pellagra 
was noted m the remaining twenty patients 

The moie important constitutional symptoms which appeared in the 
fifteen patients after exposure to the direct lays of the sun are shown 
in tables 4 and 5 The dermatitis which was observed in thirteen of 
these patients varied from erythema with vesiculation to heavily crusted 
indurated lesions and was indistinguishable from the cutaneous lesions 
of spontaneous pellagra (fig 1) In eleven instances the lesions were 
produced on a previously involved area In eight patients, however, 
the dermatitis was produced on apparently normal skin which had 
previously been piotected by clothing (table 3) The condition of the 
tongue became definitely worse in twelve of the fifteen patients (table 4) 
Dianhea was precipitated in ten (table 5), nausea in seven, vomiting 
m SIX, anorexia in eight and dementia m four In all the fifteen patients 
one or more severe constitutional symptoms developed after exposure 
to diiect sunlight Neither cutaneous lesions nor general symptoms 
occurred in any of the eleven patients who were reexposed to maximum 
doses of sunlight following adequate treatment (tables 3 to 5) 

7 For other experimentally produced lesions see figures 1 to 3 in article by 
Ruffin and Smith 



Table 3 — The Occuneucc of DcimatUis FoUotving Eipomic to Dvect Swihght 
Data for Thw ty-Five Patients ut the Hospital Subsisting on a Diet 
Deficient in the Pellagt a-Pi eventing Factoi 
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Table 4 — The Occiin ence of Sole Mouth and Tongue Aftei Exposnie to Diicct 
Sunlight Data foi Fifteen Patients Subsist’iig on a Diet Deficient in 
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The following case history illustiates the seveie reaction which may 
follow exposure of a pellagim to sunlight and the hai mlessness of such 
exposLiie after the deficiency has been corrected b}'’ adequate dietar}'’ 
treatment 

Case 32 — N C , a white woman aged 55, was admitted to the hospital on 
April 9, 1934, with a history of recurrent pellagra over a period of twenty years 
At the time of entry mild dermatitis was present over the dorsum of each hand, 
the tongue was red and sore and the patient had little or no appetite and \\as 
somewhat constipated She was given standard basic diet 1 (table 2) 

On the second, third, fifth and sixth days after the patient’s admission to the 
hospital the left arm and leg were exposed to direct sunshine for one hour daily 

Table 5 — The Occuiience of Dtaiihca Aftei E\posnie to Diiect Sunlight Data 
foi Fifteen Patients Subsisting on a Diet Deficieni in 
Pellagra-Pi eventing Substance 


Ree\posure 

After 

Treatment 

Average No Average No (Average 
of Stools of Stools No of Stools 



On Admis 

Three Days 
Before 

Three Days 
After 

Three Days 
Before 

Case 

Sion 

Exposure 

Exposure 

Discharge) 

21t 

10 

S 

C 

6 

S3* 

3 

2 

4 

4 

23 

1 

1 

0 

1 

32 

1 

1 

5 

2 

31 

0 

1 

IJ 

Died 

30t 

2 

4 

13 

Died 

29 

4 

8 

11 

Died 

28 

0 

0 (Enema) 

3 

1 

27 

0 

1 

1 

2 

26 
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0 (Enema) 

1 

1 

25t 

1 

1 

1 

1 

24 

0 

4 

G 

4 

34t§ 

1 

1 

1 

1 

22t 

5 

3 

9 

1 

3511 

5 

7 

10 

Died 

Average 

2 

3 

5 

2 


* Negro patient 
+ Alcoholic patient 

t Diarrhea occurred ten days later (average of five stools) 

§ No diarrhea, on the fourth day of exposure severe nausea and vomiting ■were noted 
U Violent nausea and almost continuous vomiting occurred after the second day of 
exposure 


There was no involvement of the skin of the leg before the exposure On the day 
of the last exposure the dermatitis over the left arm became much worse, and 
large blisters appeared over the foot The control, exposed simultaneously, showed 
no sign of sunburn By this time the rash on the right arm, which had been 
protected from the sun, had entirely disappeared A few days later the tongue 
became fiery red, and severe diarrhea developed, twenty stools being passed on the 
fifth day after the last exposure The patient’s general condition became much 
worse She was given preparations of liver, as shown in figure 2, but rapidly 
became worse She became markedly depressed and eighteen da 3 ^s after the last 
exposure was disoriented, having definite auditory and visual hallucinations At 
this time she was given the regular hospital diet and large doses of an aqueous 
solution of liver extract s Within four or five days she was greatly improved, 

8 This extract, known as Valentine’s liver extract E 29, was furnished bv 
the Valentine Meat Juice Company, Richmond, Va 



F:g 1 — Photograph showing the lesions on the hands of a boy with pellagra 
After he had been in the hospital for ten days on the diet detailed in table 2 the 
hands were exposed to direct sunlight daily for thirty, forty-five and sixty minute 
intervals The lesions shown in the photograph developed subsequently to this 
exposure 
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and after ten days she was mentally clear and felt entirely well She was reex- 
posed to direct sunshine daily for seven days, with no recurrence of sjmptoms, 
and was discharged on Maj 26, all evidences of pellagra having completely dis- 
appeared 

Niles and Bass have reported the development of deimatitis in 
pellagrins after exposure to heat from a stove In one of our patients 
typical pellagra with severe constitutional symptoms followed exposure 
of the hands to a red hot stove Another patient presented a similar 
picture after fighting a brush fire These observations suggest that 
the acute manifestations of pellagra in a susceptible subject may be 
precipitated by exposure to the heat from certain radiant bodies In 
the following case the typical cutaneous lesions and associated consti- 
tutional symptoms were pioduced by exposing the hands to the rays 
of an electric heater After adequate dietary treatment the patient was 
reexposed to three times the original amount of heat, without the 
development of either cutaneous lesions or general symptoms 

Case 36 — W B B , a white man aged 45, was admitted to the hospital on 
Nov 26, 1935 For six months he had been drinking about 2^4 gallons (9 5 liters) 
of whisky a week, and his diet had been grossly inadequate He presented a 
typical picture of pellagra, with minimal cutaneous lesions over the dorsum of each 
hand, a beefy red tongue and marked anorexia but no diarrhea Mild peripheral 
neuritis also was present He was given a diet deficient m the pellagra-preventing 
factor 

On the day after his admission to the hospital and again on the following day 
the patient’s left hand was exposed to the rays from an electric coil heater for 
fifteen minutes at a distance of 36 inches (92 cm ) Twenty hours after the first 
exposure distinct erythema was observed, and ves'cles appeared on the morning 
following the second exposure The hand of the intern who acted as a control 
showed no changes On the day following the last exposure the patient’s condi- 
tion became alarming The tongue was then fiery red, diarrhea, nausea and 
vomiting had developed and the patient refused to eat He was given intravenous 
injections of dextrose and large amounts of an aqueous solution of liver extract 
by mouth For several days there was considerable doubt whether he would sur- 
vive The stomatitis began to subside after the second day of this treatment, 
and by the fourth day the color of the tongue was normal After five days of 
dietary treatment the patient’s condition was definitely improved, and by the tenth 
day he was well except for persisting neuritis One hand was then reexposed 
daily for five days to the electric coil heater for from fifteen to thirty minutes with 
no visible local or general effect The patient was discharged as cured on 
December 17 

COMMENT 

The clinical impression that sunlight is harmful to the pellagrin 
has been amply confirmed by observations on patients under controlled 
conditions in this hospital Thirty-five pellagrins on a deficient diet 
(table 2) were exposed to the direct rays of the sun In thirteen 
dermatitis developed, which was followed promptly by moderate or 
marked accentuation of the constitutional symptoms Two other patients 
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showed similar constitutional leactions but no new cutaneous lesions 
The first change usually noted was that the tongue became fiery led, 
followed by vomiting, diarrhea and, in some instances, dementia The 
danger of exposing susceptible pellagrins to the sun’s rays cannot be 
overemphasized, despite Spies’ recently published conclusions that 
pellagrins recover equally well whether exposed to sunlight oi kept in 
the dark 

The amount of exposuie in each case was not excessive This is 
shown by the failure of sunburn to develop in members of the staff 
and patients with other diseases who were exposed similarly and simul- 
taneously Furthermore, eleven of the fifteen patients who showed acute 
symptoms after exposure to sunshine were reexposed after the admin- 
istration of an abundance of the pellagra-pi eventing factor, and in no 
instance did either dermatitis or constitutional manifestations recur 
This demonstration of tolerance for direct sunlight is thought essential 
m determining whether the condition has actually been cured The 
suggestion that sunburn may be confused with the dermatitis of pellagra 
IS not m accord with the facts as we have obseived them Contraiy 
to the opinion of Spies,®*’ experienced physicians in the South have no 
difficulty m making this distinction (Thayer,®® Menage,®*" Swanson,®* 
Kilby ®'’’ and Wood and Taylor®) 

The fact that twenty of the thirty-five patients showed nothing 
to suggest an accentuation of the dermatitis or constitutional symptoms 
after exposure to sunlight is difficult to explain However, it was noted 
that without exception the patients who ate the basic diet with relish 
piomptly recovered and showed only a healthy tan on exposure to 
sunshine 

In the gioup of twenty patients in whom no symptomatic relapse 
was observed, any attempt to test the efficacy of a curative substance 
would obviously have been futile This serves to emphasize the impor- 
tance of producing an accentuation of symptoms as a prerequisite to 
the e^aluatlon of any curative substance The failure to take this fact 
into consideration probably accounts for the voluminous literature on 
therapy and the numerous unrelated substances which have been 
reported as specific cures for pellagra 

The cutaneous lesions which were produced experimentally by 
graded exposures to direct sunlight were apparently identical with the 
spontaneous lesions, first described by Casal ^ In addition to this typical 
dermatitis which appears on the exposed surfaces, patients with pellagra 
may present (1) seborrhea over the face and neck, (2) hyperkeiatoses 

9 Wood, E J Pellagra, revised b}' F R Taylor, in Qinstian, H A , and 
Mackenzie, J Oxford Medicine, New York, Oxford University Press, 1936, 
vol 4, pt 1, pp 307-352 
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ovei the bony prominences of the body and ( 3 ) lesions about the geni- 
talia The seborrhea occurs most commonly about the alae nasi but 
at times over the forehead, face and neck The orifices of the sebaceous 
glands aie plugged with a diy grayish yellow secretion This type of 
lesion has been noted pieviously m pellagrins^” An analogous altera- 
tion 111 the sebaceous glands of the lat’s tail has been produced b} a 
diet deficient m vitamin G (B,) There is no relation between the 
presence of seboirhea and the seventy of the disease 

When a pellagrous patient is confined to bed, theie is a tendency 
toward the development of bilateial symmetiical lesions ovei the bony 
piommences of the body, such as the elbows, knees, ankles and spinous 
piocesses This lesion appaiently is a hyperkeratosis, accompanied with 
more or less pigmentation It diflfeis from dermatitis, which occuis on 



Fig 3 — Photograph of hyperkeratosis of the elbow which developed while the 
patient was in the hospital and receiving an excellent diet She showed no 
evidence of pellagra 

the exposed surfaces, by its slow development and by the absence of 
vesiculation These lesions rarely, if ever, show crust formation, indu- 
lation 01 secondaiy infection, and their development is not accompanied 
with an increase in constitutional symptoms Bilateral symmetiical 
cutaneous lesions of this type have been frequently observed in both 
white and Negro patients who were receiving an adequate diet 
and who showed no evidence of pellagra (fig 3 ) The cutaneous 

10 {a) Castellani, A , and Chalmers, A J A Manual of Tropical Medicine, 
ed 3, London, Bailhere, Tindall & Cox, 1919 (b) Biggam, A G, and Ghal- 

loungui, P Pellagra Its Clinical Features and Pathology, Lancet 2 1198, 1933 
(c) Smith, S G , and Sprunt, D H Pathological Skin Changes in the Tail of 
the Albmo Rat on a Diet Deficient m Vitamin G, J Nutrition 10 481 (Nov ) 
1935 (d) Wood ^ Bigland Corkill Bass 
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lesions which Spies "produced ’ in pellagrins who were confined to 
the hospital and fed a deficient diet may have been of this type He 
recorded no increase in constitutional symptoms accompanying the 
development of dermatitis We agree with Bass m attributing this 
type of lesion to mechanical rubbing or piessure over the bony promi- 
nences of the body 

The male pellagrin may show lesions on the scrotum or perineum, 
although perineal lesions aie more commonly seen in the female Peri- 
neal lesions are red and macerated and invariably show secondary 
infection The vaginal mucosa becomes inflamed in the same manner 
as the buccal and intestinal mucosa and pours out an mutating secre- 
tion Perineal lesions in the male may be due to constant soiling with 
foul liquid stools and in the female to this factoi supplemented by 
infected secretions from the vagina Bass stated that the perineal 
lesions are caused by excoriating secretions and that the occasional 
lesions found under a pendulous breast are caused by excessive 
perspiration 

Our observations suppoit the view of Goldberger that pellagra 
IS a deficiency disease The basic deficiency symptoms are easy to rec- 
ognize as due to "ill health” but difficult to classify The clinical picture 
is one of gradually developing lassitude, anorexia, mental torpor, emo- 
tional instability, vague digestive symptoms, weakness and dizziness, 
sometimes with, but more generally without, marked loss of weight The 
tongue frequently shows papillary atrophy, especially about the edges 
In some cases there is roughness of the skin of the alae nasi and ovei 
the forehead and face, and hyperkeratosis may appear in the region 
of the bony prominences Although pellagra may be suspected from 
these symptoms and treated as such, yet we agree with Wood®'^ and 
Bass that it is hazardous to make a diagnosis of pellagra in the 
absence of typical dermatitis or a credible history of such a dermatitis 
on the exposed surfaces of the body 

The reactions which occur after a patient in the deficient state 
becomes exposed to the sun are dramatic in onset, alarming in severit} 
and not infrequently fatal The usual story is that a subject who is 
subsisting on a deficient diet, with many of the vague symptoms already 
mentioned, though still able to work, exposes himself to the direct ravs 
of the sun early in the spring or summer Within a few hours a burning 
and itching sensation is noted over the exposed areas This is folloived 
in from twenty-four to thirty-six hours by a fiery led erythematous 
rash Vesiculation appears, accompanied with induration, dry crusts 

11 Goldberger, J Pellagra Causation and a Method of Prevention, J A 
M A 66 471 (Feb 12) 1916 
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or secondary infection The bright red eiythema changes to a dull 
bronze and finally to a deep brown After the initial erythema the 
mouth and tongue become i ed and sore, and diarrhea appears Dementia 
may develop without warning and is always an ominous sign 

It should be noted that m two patients with spontaneous pellagra 
and m one patient under controlled conditions radiant heat from sources 
other than the sun also produced the clinical picture of the disease 



Fig 4 — Chart showing the monthly incidence of pellagra in eleven Southern 
states over a period of five years (1930 to 1934) In the twelfth state (Arkansas) 
the monthly mortality is shown To obtain the actual figures for Mississippi and 
South Carolina multiply by 10 

The seasonal incidence of pellagia (fig 4) is apparently conditioned 
by two factors the degiee of dietary deficiency and the intensity of 
the solar radiation In figure 5 the monthly \aiiations in the intensity 
of sunlight aie shown together with the monthly incidence of pellagra 
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As Goldberger and his associates have pointed out, there is a gradu- 
ally accumulating deficiency of accessory food factors during the winter 
months When these deficient patients become exposed to the increasing 
intensity of sunlight during the spring and early summer, the acute 
symptoms of pellagra appear When vegetables and milk become inoie 
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Fig 5 — Chart illustrating the relationship of the intensity of the sun’s rays 
to the incidence of pellagra One curve shows the total monthly incidence of 
pellagra over a period of five }"ears m the eleven states shown in figure 4 The 
curve for the total solar radiation is shown in calories per square centimeter per 
day on a surface at normal incidence at sea level on cloudless days for 33 degrees 
latitude and was calculated for us by Prof Paul Gross, of the department of 
chemistry of Duke University, from the curves presented by C G Abbot in his 
book entitled “The Sun” (New York, D Appleton-Century Company, Inc, 1929, 
p 385, fig 71) 


12 Goldberger, J , Wheeler, G A , Sydenstncker, E , and King, W I A 
Study of Endemic Pellagra m Some Cotton- Mill Villages of South Carolina, 
United States Public Health Service, Hygienic Laborator}'^ Bulletin 153, Januar}% 
1929 
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plentiful during the summer, the deficiencies aie coirected and the 
incidence of pellagra falls lapidly, although the sun remains hot duiing 
the month of July and August 

CONCLUSION 

Exposure of a susceptible subject who has been subsisting on a 
deficient diet to the sun’s rays precipitates the acute manifestations of 
pellagra 

Statistical data on the incidence of pellagra were supplied by Dr J C Knox, 
of the North Carolina State Board of Health, Dr D G Gill, of the Alabama 
State Board of Health, Dr I C Riggins, of the Virginia State Board of Health, 
Dr C M Pearce, of the Oklahoma State Board of Health, Dr C D Reece, 
of the Texas State Board of Health, Dr Butler Toombs, of the Georgia State 
Board of Health , Dr C L Brown, of the Louisiana State Board of Health , 
Dr F A Brink, of the Florida State Board of Health, Dr R N Whitfield, of 
the Mississippi State Board of Health, Dr W C Williams, of the Tennessee 
State Board of Health, Mrs J B Collie, of the Arkansas State Board of Health, 
and Dr M B Woodward, of the South Carolina Board of Health 



UVEOPAROTITIS 


^VILDRIDGE C THOMPSON, MD 

ALBANY, N Y 

The syndrome which is variously designated as uveoparotid fever, 
uveopai otitic paralysis, uveoparotitis and uveoparotid tuberculosis was 
brought to the attention of clinicians by Heerfordt ^ in 1909 Since then 
approximately eighty cases have been reported m the literature, of which 
not nioie than seven occurred m the United States The earlier reports 
appeared largely in the Scandinavian and German journals of ophthal- 
mology and apparently escaped the attention of the general medical 
practitioner Ciedit is due to the English for reviving interest in the 
syndrome recently, especially through the medium of the review of 
Garland and Thomson published m 1933 Prior to that, and in the 
period from 1925 to 1931, only four cases had been repoi ted m the United 
States (Cutler, Jackson, Hamburger and Schaffer® and Merrill and 
Oaks Subsequently, Levin,® Cogan ® and Cohen and Rabinowitz ^ 
bi ought the number of cases reported in this country to seven, and addi- 
tional reports came from Davies,® Rees,® Tait,^° Garland and Thomson,® 
Tanner and McCurry,^^ and Savin in England, Mohii in Denmark 
and Hafeikoin^^ in Germany 

From the Syphilis Division of the Medical Clinic, the Johns Hopkins Hospital 

1 Heerfordt, C F Ueber eme Febris uveoparotidea subchromca. Arch f 
Ophth 70 254, 1909 

2 (a) Garland, H G , and Thomson, J G Uveoparotid Tuberculosis, Quart 

J Med 2 157, 1933 (b) Garland, H G Uveoparotid Tuberculosis, Lancet 

2 743 and 846, 1934 

3 Hamburger, L P , and Schaffer, A L Uveoparotid Fever as a Manifes- 
tation of Mikulicz’s Syndrome, Am J Dis Child 36 434 (Sept ) 1928 

4 Merrill, H G , and Oaks, L W Uveoparotitis, Am J Ophth 14 15, 1931 

5 Levin, Paul M The Neurological Aspects of Uveo-ParOtid Fever, J 
Nerv & Ment Dis 81 176, 1935 

6 Cogan, David G Uveoparotid Fever, Am J Ophth 18 637, 1935 

7 Cohen, S J , and Rabinowitz, M A Uveoparotitis, JAMA 105 496 
(Aug 17) 1935 

8 Davies, T A L Uveo-Parotitis Polvneuritica, Lancet 2 746, 1934 

9 Rees, W E Mikulicz’ Syndrome in Association with Tuberculosis 
Lancet 2 749, 1934 

10 Tait, C V B Uveoparotitis, Lancet 2 748, 1934 

11 Tanner, S E, and McCurrj, A L Uveoparotid Tuberculosis, Brit M J 
2 1041, 1934 

12 Savin, L H An Analysis of the Signs and Symptoms of Sivty-Siv 
Published Cases of the Uveoparotid Syndrome, Tr Ophth Soc U Kingdom 
54 549, 1934 

(Footnotes continued on next paqc) 
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The extensive lepoits of Garland and Thomson (1933) coveiing 
forty-seven cases in the literature and of Savin ( 1934) analyzing 
sixty-six cases and the neurologic study of sixty-six cases by Levin 
(1935) render superfluous any attempt to leview the literature at this 
time Accordingly, a summar}'- of the commoner findings will suffice in 
this discussion 

The syndrome consists of mflammatoiy lesions of the uveal tiact, 
enlaigement of the parotid glands and a chronic low grade fevei 
Paialysis of ceiebiospinal neives, particularly the facial neives, occuis 
frequently 

The majority of patients have been in the second and thud decades 
of life, with a prepondei ance of females 

Prodromes, which may be present foi a few dajs or foi seveial 
weeks, include malaise, weakness, lassitude, diowsmess, nausea, vomit- 
ing, loss of weight, fever, puffiness of the eyelids, dryness of the mouth, 
dysphagia, cough, night sweats, pains in the chest and joints and 
paiesthesias Not infrequently eaily in the illness there is a patchy, 
nonelevated erythema, without itching, involving particularly the legs 
The eruption is generally of short duiation 

Parotitis IS a constant finding It is usually bilateral, only occasion- 
ally being unilateral The gland is haid and not adherent to the skin, 
and while not painful, it may be tender to pressure The swelling is 
usually of a few weeks’ duiation but may last for months No sup- 
puration occurs 

Chronic low giade fevei is common but is not a constant finding 
The temperature may lange from the slightest elevation to from 101 to 
103 F in some instances An afternoon elevation is common 

In addition to parotid enlargement, submaxillary and sublingual 
involvement is common, and lacrimal swelling occurs occasionally Gen- 
eialized lymphadenopathy and splenomegaly have been reported The 
commonest finding is enlargement of the cervical lymph nodes 

Ocular manifestations aie noted in all cases Uveitis is the most 
important of the triad of prerequisites for a diagnosis of uveoparotitis 
It IS often the earliest symptom, and the resulting visual impaiiment is 
permanent, in varying degrees of severity While the onset may be uni- 
lateral, with pain and dimness of vision, bilateral uveitis occurs almost 
invariably The pupils may become dilated, irregular and fixed, with 
the tendency to development of posterior synechiae Fatty deposits are 
seen on the posterior suiface of the cornea Nodules, definitely identi- 

13 Mohn, A Em Fall a on Febns uveoparotidea (Heerfordt), Acta ophth 
11 397, 1933 

14 Haferkorn, M Aspects of Heerfordt’s Syndrome (Uveoparotid Fever), 
Monatschr f Kmderh 63 161, 1935 
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fied as tuberculous, are said to occur lu the nis Less common findings 
include hemorihages into the vitreous, optic neuritis, choroidoietinitis, 
keratitis, glaucoma, turbidity of the aqueous and cataiact 

Facial palsy of the peripheral type is the commonest neurologic 
manifestation, occurring in from one third to one half of all cases 
It may be bilateral, although more frequently it is unilateral Whether 
the palsy results from choking of the nerve by swelling of the parotid 
gland, which it usually, although not uniformly, follows, is an unsettled 
question There was evidence in Mohn’s case to place the site of the 
lesion between the geniculate ganglion and the branching of the choida 
tympam, excluding pressure from a swollen paiotid gland Loss of the 
sense of taste and bilateral deafness of the central type have been 
reported Distuibance of the innervation of the uvula and of the vocal 
cords is raie Dysphagia and dryness of the mouth are common 
Dysarthria has been attributed to dryness of the mouth by some and 
to muscular weakness following facial palsy by others 

Polydipsia and polyuria have been reported occasionally, with dilute 
but otherwise essentially normal urine Levin said he felt that in his 
case the condition represented tiue diabetes insipidus 

Involvement of the spinal nerves may be manifested by a diminished 
tactile sense, reduction or abolition of the tendon reflexes, tenderness 
over the peripheral nerves, paresthesias and wiist or foot drop 

Unfortunately lelatively few reports have been made regaidmg the 
cerebrospinal fluid If an examination is mentioned, slight abnoimahties 
or none at all have been lecorded There may be moderate pleocytosis 
(5 to 20 lymphocytes pei cubic millimeter) and a slight inciease in the 
total protein content, with curves for mastic precipitation which are 
either flat or nearly so 

The blood pictuie, if altered at all, includes a slight reduction in the 
hemoglobin content and in the number of erythrocytes, with moderate 
leukocytosis In some cases eosmophilia occurs, with a usual maximum 
of 5 per cent, although exti ernes of 10 or 15 pei cent have been noted 
Tbe urine is generally normal 

The reaction to the tuberculin test was lecorded m twenty-one of 
the sixty-six cases reviewed by Savin, with seven positive results In the 
sixty-six cases the Wasseimann reaction of the blood was mentioned 
111 tbirty-one instances — twenty-nine negative, two positive and two 
doubtful results 

REPORT OF CASES 

Although Hamburger and Schaffei ® lepoited a case of uveopaiotid 
fevei from the Johns Hopkins Hospital m 1928, attention was not drawn 
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to the possibility of other cases until 1933, when the diagnosis was 
proposed by a visiting physician fioni South Africa in the following 
case 

Cask 1 — P P , a Negress aged 20, was seen m the medical clinic in the division 
for syphilitic patients on Feb 18, 1933, when convalescent from an illness for 
which a diagnosis of polyneuritis had been made There was no suggestion of 
tuberculosis in her past and family histones In childhood she had mumps Mani- 
festations of secondary syphilis appeared earl}' in 1932 In April, after eight 
injections of neoarsphenamine were given, uveitis developed This was followed 
in May by headache, weakness, vague abdominal pains, swelling of one side of the 
face and pain on moving the jaw Paresthesias of the extremities, with signs of 
diffuse polyneuritis, soon appeared, and hospitalization was necessary The Wasser- 
mann reaction of the blood was negative The cerebrospinal fluid and urine were 
entirely normal There was an essentially normal blood picture, excepting for 
4 per cent eosinophils 

No facial paralysis appeared, although the facial swelling and tenderness 
suggested parotitis There was a slight irregular fever, with the temperature 
ranging up to 99 8 F Although the original impression was arsenical polyneuritis 
following antisyphilitic treatment, the possibility of atypical uveoparotitis was 
considered 

Although a positive diagnosis of uveoparotitis could not be made, the case 
provided the stimulus for future observations 

Case 2 — M W, a Negress aged 21, was admitted to a medical ward of the 
Johns Hopkins Hospital on Nov 25, 1933, complaining of headache, nausea, vomit- 
ing and vague abdominal pains of six weeks’ duration Her stepfather died of 
pulmonary tuberculosis, and a brother was a patient in a local hospital with active 
pulmonary tuberculosis The patient had measles and pertussis in childhood 
There was no history of mumps She was married at the age of 18 and shortly 
afterward had a cutaneous eruption, with a positive Wassermann reaction A 
practitioner gave her a single intravenous injection Her husband was known to be 
under treatment for latent syphilis in this clinic 

In August 1933 her illness began with malaise, fatigability, slight edema of the 
ankles and occasional bilateral earache One month later bilateral parotid swelling 
occurred and progressed until the glands were "even with the ears ’’ The swellings 
disappeared within a week The patient gave no history of contact with mumps 
Within two weeks headache in the frontal region, anorexia, nausea, vomiting and 
abdominal pains began A pain m the chest was diagnosed as due to pleurisy Two 
weeks later weakness of the left side of the face was observed, followed by marked 
thirst, an increased intake of fluid and an increased output of urine By November 
difficulty m swallowing, hoarseness and regurgitation of fluids through the nose had 
become marked The patient began to experience "pins and needles” sensations 
over the entire right side of the body Two days before her admission to the 
hospital weakness to the point of prostration and stiffness of the neck were noted 

Physical Examination — The temperature was 1016 F, the pulse rate 130 and 
the respiratory rate 30 per minute There was extreme weakness, with signs of 
dehydration and loss of weight The neck was stiff The pupils were dilated and 
equal and reacted sluggishly No extra-ocular paralysis was found The retinal 
veins were engorged All the parotid swelling had disappeared, but most of the 
cervical lymph nodes were enlarged The gums were bleeding Examination 
revealed harsh breath sounds and persistent rales in the upper lobe of the right 
lung Cardiovascular examination showed only tachycardia and a blood pressure 
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of 150 systolic and 100 diastolic Diffuse abdominal tenderness was noted In 
addition to stiffness of the neck, the neurologic examination revealed complete palsi 
of the left side of the face of peripheral type, paralysis of the left side of the 
uvula, unequal knee jerks, bilateral ankle clonus, a questionable Kernig sign and 
no Babinski sign Encephalitis and acute syphilitic meningitis were stronglj 
suspected 

Laboiatoiy Examination — The urine showed a specific gravity of 1010, some 
albumin, no sugar, many hyaline casts and a few leukocytes and erythrocytes These 
abnormalities disappeared gradually within three weeks 

Examination of the blood showed hemoglobin, 10 8 Gm per hundred cubic 
centimeters , erythrocytes, 3,400,000, and leukocytes, 10,000 The differential count 
was essentially normal The leukocyte count varied from 10,000 to 14,000 for 
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A patient (case 2) wnth uveitis, weakness of the right side of the face and 
swelling of the parotid and lacrimal glands 

several weeks, with 3 per cent eosinophils The Wassermann and flocculation tests 
gave positive results 

The cerebrospinal fluid was clear and colorless and under normal pressure 
It was free from micro-organisms, as shown bj'^ smear and culture There were 
15 lymphocytes The Wassermann reaction was negative with 02 cc and doubt- 
fully positive with from 0 4 to 1 cc of fluid The total protein content was 38 mg 
per hundred cubic centimeters, the curve for the mastic precipitation was 
0133100000 and the sugar content was 78 mg per hundred cubic centimeters Two 
weeks after the patient’s admission to the hospital the cerebrospinal fluid gave a 
completely negative Wassermann reaction but showed 9 lymphocytes, a total protein 
content of 50 mg per hundred cubic centimeters and a curve for mastic precipita- 
tion of 555432(X)00 
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Chemical analysis showed essentially normal blood except that the non- 
protem nitrogen content was 39 mg per hundred cubic centimeters shortl}’’ after 
the patient’s admission to the hospital 

Roentgenologic studies showed that the sella turcica w'as normal A small area 
of infiltration w'as seen in the upper lobe of the right lung when the patient was 
admitted and two wrecks later areas of consolidation were noted in both hilar 
regions These w'ere interpreted as being due to tuberculous involvement The 
reaction to the tuberculin test was negati\e wuth 0 01 and 0 1 mg of old tuberculin 
mtracutaneousl}’- administered 

Com sc — After admission to the hospital the patient show^ed increasing stupor, 
and on the second day three generalized convulsions occurred Delirium, hallucina- 
tions and a temperature up to 103 F characterized this period By the second 
week the blood pressure had fallen to a normal level, and the mental status was 
calm Signs of involvement of the lower lobe of the right lung appeared In the 
third w'eek complete palsy of the right side of the face of peripheral type was 
present, while there was residual weakness of the left side The reflexes were 
normal, but stiffness of the neck, with occasional nausea and vomiting, persisted 
In December, one month after the patient’s entry, there was an increase in the 
intra-ocular tension (right eye, 55 mm of mercury, left e 3 'e, 47 mm — Schiotz) 
The media of the right eye were hazy, and the cornea became dull, the sclera 
injected and the eye painful The visibility of the aqueous ray was increased in 
both eyes Paracentesis of the anterior chambers was performed, followed by 
iridotasis Slit lamp examination showed numerous fatty deposits on the anterior 
surface of the lens and on the posterior surface of the cornea of the left eye 
Inoculations of guinea-pigs with the aqueous fluid gave negative results The 
ophthalmologic diagnosis was bilateral uveitis and secondary glaucoma 

In January 1934 the sputum showed tubercle bacilli on five occasions A long 
period followed with continued low grade fever, the temperature not exceeding 
99 8 F Physical and roentgenologic examinations showed extensive infiltration of 
the entire right lung, with thickening of the pleura Five months after the patient's 
admission to the hospital there was a period of slight general improvement, and 
then the afternoon fever recurred, the temperature reaching a maximum of 101 F 
The condition of the eyes improved, and examination in May 1934 showed a normal 
tension and no corneal deposits, with only postoperative pupillary defects and 
haziness of the media of the right eye There was residual facial weakness on 
the right, and signs of infiltration of the right lung persisted 

Before tubercle bacilli were noted m the sputum, treatment was entirely 
symptomatic, except for the administration of iodides in considerable quantities 
and for half a dozen injections of a bismuth compound at odd times during the five 
months of hospitalization 

The patient was transferred to a sanatorium for tuberculous patients m June 
1934, and her condition remained unchanged until October She left of her own 
accord m November and reappeared at the Johns Hopkins Hospital, where she was 
reexamined at the clinic on December 13 She was obviously ill, and admission to 
a medical ward was requested, with the diagnosis of uveoparotitis 

It was found that a swelling of the parotid glands had recurred m October that 
was identical with that of the previous year The right parotid gland became 
swollen first, followed a week later by swelling of the left gland Both were hard 
and tender to pressure and were not adherent to the skin or underljung tissues 
A daily elevation of temperature occurred Although bilateral facial weakness 
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was observed at first, it became more marked on the left The speech became 
mushy, and chewing was difficult In November difficulty in closing the ejelids 
was noticed 

Physical Examination — At the time of the patient’s second admission to the 
hospital there was a temperature of 100 F, with slight acceleration of the pulse 
and respiratory rates There was a scaly desquamation over the tibias The 
parotid, lacrimal, sublingual and submaxillary glands, as well as the posterior 
cervical and axillary lymph nodes, were enlarged Examination of the eyes showed 
injection of the conjunctivae and sclera, cloudiness of the anterior chamber and 
numerous mutton-fat deposits over the anterior capsule of the lens and the 
posterior surface of the cornea The pupils were unequal, deformed and fixed 
The fundi could not be seen clearly The intra-ocular tension was normal There 
was bilateral facial weakness, and the uvula was deviated to the left Signs of 
infiltration of the right lung were present No other general or neurologic 
abnormalities were detected 

Lahoi atoiy Examination — The urine exhibited a trace of albumin and a few 
hyaline casts but became normal within two days 

The blood showed a normal erythrocyte count and hemoglobin content The 
leukocytes numbered 9,000, with 69 per cent polymorphonuclear cells, 9 per cent 
being eosinophils (Six weeks aftei the patient’s admission to the hospital a 
maximum of 13 per cent eosinophils was noted, but for only a few days ) The 
Wassermann reaction of the blood was doubtful, but the flocculation test was 
positive 

The cerebrospinal fluid was clear, colorless and under normal pressure and 
contained 6 lymphocytes The total protein content was 25 mg per hundred cubic 
centimeters, and the curve for mastic precipitation was 333210000 

The sputum persistently showed tubercle bacilli The reaction to the test with 
tuberculin, 0 1 mg administered intracutaneously, was negative Culture of 
cathetenzed secretion from the parotid gland yielded no growth Electrocardio- 
graphic examination revealed no abnormality 

Coiiise — Small doses of neoarsphenamme were administered, but a generalized 
maculopapular rash with itching followed the third injection This disappeared 
with cessation of treatment Three weeks after the patient’s admission to the 
hospital roentgen therapy was attempted for the parotid and lacrimal swelling 
After the second treatment intense swelling and edema of the glands occurred, 
and roentgen therapy was abandoned The sublingual tissues remained markedly 
edematous and resembled a false tongue for many \yeeks Low grade fever per- 
sisted, the temperature averaging 99 6 F After three months the lacrimal and 
parotid swellings had practically disappeared 

In June 1935 the essential findings were facial weakness on the right, enlarge- 
ment of the sublingual glands, slight enlargement of the lacrimal gland, and signs 
of infiltration at the base of the right lung 

The patient was sent to the Tuberculosis Hospital of the Baltimore City Hos- 
pitals m September Fever and tachycardia continued Although signs suggestive 
of pleural effusion were noted at the base of the right lung, repeated thoracentesis 
rev ealed no fluid The sputum persistently showed no tubercle bacilli A course of 
neoarsphenamme was administered during a period of apparent general improve- 
ment In January 1936 the patient’s condition was increasingly unfavorable, and 
death occurred approximately two years and four months after the onset of the 
illness Extreme weakness, hoarseness, edema of the ankles and bleeding by mouth 
marked the terminal illness All efforts to obtain permission for autopsy were 
unsuccessful 
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Case 3— ]M P, a Negress aged 24, was seen in the Wilmer Ophthalmological 
Institute on July 31, 1934, complaining of headache and painful inflammation of the 
eyes of three weeks’ duration During that time there had been swelling of the 
eyelids each morning, and for one week she had experienced regurgitation of fluids 
through the nose, numbness of the face and an inability to smile The speech had 
become mushy For nearly a year there had been “nervous indigestion, with a 
loss of 20 pounds (9 Kg ) Her past history showed only pertussis and measles m 
childhood, and no suggestion of mumps, tuberculosis or syphilis could be elicited 

Physical Examination — On August 9 the patient became obviously ill and was 
admitted to a medical ward of the Johns Hopkins Hospital The temperature was 
99 6 F , the pulse rate 96 and the respiratory rate 20 Although very restless, the 
patient was alert and cooperative No cutaneous lesions were visible Although 
no parotid enlargement was detected, the patient insisted that the right side of hei 
face was fuller than usual The lymph nodes at the angles of the jaw were pal- 
pable Examination of the eyes showed a normal intra-ocular tension, pericorneal 
injection and irregularity of the left pupil, with posterior synechiae The slit 
lamp revealed a strongly positive aqueous ray, with numerous amorphous deposits 
111 the endothelial layer of the cornea , a muddy, edematous ins, with deposits of 
pigment over the anterior capsule of the lens of the left eye Vision in the right 
eye was 20/70 and in the left eye 20/200 uncorrected The ophthalmologist made 
a tentative diagnosis of acute uveitis, possibly due to syphilis There was slight 
tenderness on pressure near the right ear in the parotid region 

Examination of the heart, lungs and abdomen showed no abnormalities Neuro- 
logic examination revealed impairment of sensation on both sides of the face and 
neck, absence of the corneal reflexes, bilateral facial weakness, more marked on 
the right, poor movement of the uvula, and absence of the knee and ankle jerks 
The diagnoses suggested were meningitis or bulbar palsy, with uveitis, due to 
syphilis 

Laboiatoiy Examination — The blood picture was not remarkable The leuko- 
cytes numbered 9,000, with 1 per cent eosinophils The Wassermann test of the 
blood was negative, but the flocculation test was positive The cerebrospinal fluid 
was clear and colorless and under normal pressure There were 10 lymphocytes, 
and the total protein content was 37 mg per hundred cubic centimeters The 
curve for mastic precipitation was 0011110000 The Wassermann reaction was 
negative Five days later an examination of the cerebrospinal fluid gave the 
same results, except for a lymphocjte count of only 3 cells per cubic millimeter 
The urine was normal The reaction to the tuberculin test was negative (old 
tuberculin, 0 001 and 001 mg mtracutaneously) Roentgenologic studies showed 
signs of old mediastinal tuberculosis 

Because of uveitis associated with tenderness and questionable swelling m the 
region of the parotid glands, involvement of the cranial nerves, reduction of the 
deep tendon reflexes and fever, uveoparotitis was considered as a possible diagnosis 

Comse — Shortly after the patient’s admission to the hospital the temperature 
reached a maximum of 102 F but soon fell to a maintained average of 99 5 F 
Four small injections of neoarsphenamine were administered together with potas- 
sium iodide by mouth , salicylates and atropine were employed for the uveitis By 
the time of the patient’s discharge, on August 27, there had been a general 
improvement, although traces of uveitis, absence of the corneal reflex-es and facial 
weakness persisted 

The patient was followed in the syphilis division of the medical clinic and in 
the outpatient department of the Wilmer Ophthalmological Institute Anti- 
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syphilitic treatment was continued with arsenicals and bismuth for more than a 
year While the ophthalmologists felt that S 3 ’^phihs was probably responsible for 
the uveitis, the staff of the sj^phihs division held the opposite opinion By the end 
of 1934 only facial weakness and chronic uveitis were present Throughout 1935 
low grade uveitis persisted, and paracentesis of the aqueous of the right eye became 
necessary on two occasions Deep marginal invasion of the cornea was suggestive 
of a tuberculous etiology, although there was relative insensitivity to tuberculin 
Periods of improvement were apparently associated with arsenical therapy, but 
the possibility of the nonspecific reaction of arsenicals m uveitis (Stokes and 
O’Leary) was kept m mind In spite of fairly regular antisyphihtic treatment, 
frequent exacerbations of the uveitis occurred during the last period of observation 
in 1936 

Case 4 — B S, a Negress aged 31, was seen m the Wilmer Ophthalmological 
Institute on March 27, 1935, complaining of painful sore eyes and facial weakness, 
with headache m the frontal region of one month’s duration There had also been 
anorexia, nausea and vomiting The right side of the face became paralyzed on 
March 26, and fainting occurred once on that date She gave a history of mumps, 
whooping cough, measles and chickenpox in childhood, but nothing suggestive of 
tuberculosis or syphilis could be elicited 

Physical Examination — The patient was admitted immediately to a medical 
ward of the Johns Hopkins Hospital Examination showed that the temperature, 
pulse and respirations were normal No cutaneous eruption was seen The axillarv 
and inguinal lymph nodes were palpable The parotid glands were not enlarged 
Examination of the eyes showed a normal intra-ocular tension With the slit 
lamp numerous deposits typical of punctate keratitis were observed on Descemet’s 
membrane and in the anterior capsule of the lens of both eyes The pupils were 
irregular and did not react well to light Posterior synechia also was noted 
Numerous opacities of the vitreous were seen The fundi were normal The only 
other abnormalities were found on neurologic examination These consisted of 
complete peripheral facial palsy on the right, with a loss of the sense of taste 
on the anterior two thirds of the tongue, and sluggishness of the abdominal reflexes 
The diagnostic impression was uveitis, with meningitis (^), probably syphilitic in 
origin 

Laboiatoiy Examination — The blood was normal, but the Wassermann reaction 
was positive The cerebrospinal fluid and urine were entirely normal No tuber- 
culin test or roentgenograms were made 

Coinse — Routine antisyphihtic treatment was begun The patient was dis- 
charged, improved, with residua of the iritis on April 13 She was followed m 
the sj'philis division, and the Wassermann reaction became negative within a few 
weeks Treatment was pursued until January 1936, after which the patient ivas 
never seen 

Case 5 — E A , a Negress aged 28, was admitted to a medical ward of the 
Johns Hopkins Hospital on Julj" 8, 1935 She complained of swelling of the face, 
difficulty in swallowing and regurgitation of liquids through the nose The past 
history was unimportant, except for an illness diagnosed as pleurisy when she 
was 16 years old There was no history of mumps The illness had been present 
for seven weeks, with anorexia, eructation after meals, vertigo and malaise This 
was followed by simultaneous swelling of both sides of the face, with aching 
and soreness of the throat Vomiting occurred frequently One week before the 
patient’s admission to the hospital there developed hoarseness, a nasal \oice. 
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dj'spliagia and regurgitation of fluids through the nose when an attempt was made 
to swallow During the illness 12 pounds (5 5 Kg ) of weight was lost 

Physical Examiuation — Examination showed that the temperature was 101 F, 
the pulse rate 110 and the respiratory rate 24 per minute Weakness was extreme, 
and there was evidence of dehjdration No cutaneous eruption or enlargement of 
the Ivmph nodes was found The parotid glands were enlarged symmetrical!}' and 
were firm but not tender There was no attachment to the skin or underlying 
tissues Examination of the eyes showed abnormalities only m tbe right e}e, m 

whicii vision was limited to counting fingers at 1 foot (30 cm ) Abnormalities 

were noted only on ophthalmoscopic examination The margins of the disks were 
blurred, with indistinct cupping and marked neuroretinal edema Several small, 
lound spots of grayish exudate were seen in the region of the macula, and there 
were areas of old chorioretinal atrophy The veins -were full and tortuous, the 
arteries were narrowed and arteriovenous compression w'as marked While the 

exudate was considered to be suggestive of tuberculosis, certain perivascular 

ebanges were thought to be characteristic of syphilis 

The remainder of the physical examination gave essentially normal results, 
except for the neurologic findings These consisted of complete peripheral facial 
palsy, with weakness of the uvula and uveal cord, on the right, and of hypo-active 
deep tendon reflexes 

Laboiatoiy Examination — The blood picture was essentially normal The 
Wassermann reaction was doubtful on repeated tests The cerebrospinal fluid was 
cleat and colorless and was under normal pressure It showed 8 lymphocytes and 
a normal total protein content The Wassermann reaction was positive with 
0 4 cc , and the curve for mastic precipitation was entirely negative The sputum 
lepeatedly showed no acid-fast bacilli The reaction to the tuberculin test was 
positive with 1 mg of old tuberculin administered intracutaneously, but it was 
negative with smaller amounts Roentgenologic studies showed markedly accentu- 
ated shadows of the roots of the lungs, with thickening of the pleura, which were 
interpreted as having a tuberculous origin The skull and sella were normal 
Gastro-intestinal studies showed no abnormalities 

Cow sc — The temperature ranged from 101 to 102 F for two weeks It was 
discovered that the odors of tobacco and ammonia could not be detected The 
parotid swelling, facial weakness and hoarseness disappeared by the third week, 
and a few days later no abnormalities existed other than the anosmia and the 
changes in the right fundus Five weeks after the patient’s admission to the hospi- 
tal examination revealed definite deposits on Descemet’s membrane, with an 
increase in the visibility of the aqueous ray, m both eyes The right disk was 
blurred and edematous Vision m the right eye was 10/120, and that in the left 
eye was 20/30 at that time Treatment, other than symptomatic, consisted of 
weekly injections of neoarsphenamine 

The patient was discharged to the care of the syphilis division on August 31, 
and antisyphilitic treatment of the routine tvpe was continued Serologic tests 
were negative in October, and the ocular condition was quiescent In December 
an indurated erythematous eruption appeared on the legs, and this was diagnosed 
as erythema nodosum Roentgenologic studies showed an increase in the shadows 
of the roots of the lungs The ocular status was quiescent, and at the last observa- 
tion early in the spring of 1936 no remarkable changes were noted in the general 
condition of the patient 

CAsn 6— M F J , a Negress aged 32, a native of North Carolina, came to the 
medical clinic of the Johns Hopkins Hospital on Aug 23, 1935, complaining of 
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malaise and weakness of more than a year’s duration The past and fainilj his- 
tones revealed nothing of importance before the onset of her complaints 

Beginning m February 1934 the patient had vague abdominal pain, malaise and 
weakness, with amenorrhea for three months In November the right parotid 
and submaxillary glands were swollen, and this was followed quickly by seiere 
headache, stiffness of the neck, weakness of the right side of the face and inabihtj 
to swallow solids These difficulties disappeared within two weeks, except for 
residual facial weakness and marked lassitude, accompanied with an afternoon 
temperature of 99 or 100 F during the autumn She was studied at the Duke 
Unuersity Hospital, Durham, N C, in February 1935, where the findings con- 
sisted of “arrested pulmonary tuberculosis, secondary anemia, residual Bell’s 
pals}'^ on the right and iridocyclitis ” Roentgenologic studies of the chest m that 
clinic revealed several enlarged rounded areas which were regarded as enlarged 
hilar nodes A supraclavicular node was removed, and the biopsy report by 
Dr Roger Baker, associate professor of pathology described “an epithelioid cell 
reaction, probably tuberculous” No tubercle bacilli were observed in the sections 

Physical Evammation — The patient was examined at the University of Penn- 
sylvania Hospital in April 1935 At that time there were undernutrition, low grade 
fever, enlarged cervical and supraclavicular nodes, anisocoria with posterior 
synechia, residual peripheral facial palsy on the right and enlarged hilar nodes, 
which were thought to be tuberculous The uveitis was considered to be of tuber- 
culous origin The blood, cerebrospinal fluid, sputum and urine were entirely 
normal Sections of the lymph node (previously made at the Duke University 
Hospital) were interpreted as showing “chronic adenitis very suggestive of 
tuberculosis ” 

The patient experienced numbness in the right arm and pain m the left side 
of the chest and had an unproductive cough, with anorexia, in the summer of 1935 
Examination at the medical clinic of the Johns Hopkins Hospital on August '’S 
showed the temperature to be 99 4 F , with slight tachycardia The glands at the 
angles of the jaw were enlarged slightly There was old bilateral uveitis With 
the slit lamp numerous mutton-fat deposits could be seen on the posterior surface 
of the corneas There was increased retromanubrial dulness, and it was impossible to 
obtain a blood pressure reading in the right arm Residual facial paralysis on the 
right constituted the remaining abnormality 

Laboiatmy Evammation — Serologic tests for syphilis were negative The 
blood and urine were normal The reaction to the tuberculin test was positive 
with 1 mg of old tuberculin injected intracutaneouslj'^ Roentgenologic studies 
confirmed those previously described 

Coinse — ^Roentgen treatment was undertaken for the mediastinal mass, with 
no visible change Tuberculin therapy was begun, and the patient was returned 
to her home to continue the course of treatment In May 1936 her physician 
stated that no appreciable change had occurred in the general condition or in the 
roentgenologic picture of the chest following a long course of tuberculin therapy 


COMMENT 

The cases of six )oung Negresses aie presented who showed a syn- 
drome suggestive of or identical with that desciibed as uveopai otitis, or 
uveoparotid fever In foui there was evidence of tubeiculous infection 
In five syphilis was evidenced by the histoiy, physical findings or posi- 



THOMPSON— UVEOPAROTITIS 


657 


tive results of serologic tests The diagnosis of acute syphilitic menin- 
gitis was proposed foi thiee during the acute stage of the illness 

In no instance did examination of the cerebi ospinal fluid support the 
initial impression of acute syphilitic meningitis, and in only one instance 
was theie evidence of invasion of the cential nervous system by syphilis 
Such abnormalities as weie discoveied consisted of slight pleocytosis 
and a mild mciease in the total protein content 

Parotitis was an outstanding finding m thiee of the patients and in 
case 2 a lecuiience was an unusual feature In two cases definite paio- 
titis was questionable, and in one it was not obseived The type of 
pai otitis seen in these cases coiiesponded closely with that described in 
the hteiatuie as occuiiing in uveopai otitis With legaid to the possi- 
bility of syphilitic etiology, Kemp and Mooie^° found involvement of 
the salivaiy glands in less than 007 pei cent of the syphilitic patients 
at the Johns Hopkins Hospital 

Syphilitic pai otitis may be of thi ee types In eai ly syphilis the gland 
swells lapidly and is tendei to the touch and film, with a tense, tender, 
1 eddish suiface The swelling is usually bilateral but not symmetiical 
Suppuiation occasionally occuis in the neighbonng lymph nodes The 
mass is closely adheient to the underlying tissues Salivation, pain and 
dysphagia are prominent Fever is laie The infection may last foi 
from two to twelve months 

In late syphilis pai otitis develops insidiously The tumor mass 
becomes attached to the undei lying tissues and the skin Fluctuation 
develops, with the appeal aiice eventually of a gummatous ulcer In con- 
genital syphilis the lesion in the parotid gland is commonly a diffuse 
fibiosis The gummatous type of lesion lesponds well to antisyphihtic 
ti eatment 

In two of the cases lepoited heie it was possible to obseive the 
chaiactei and course of the pai otitis, which in these instances was unlike 
a syphilitic piocess In two othei cases pai otitis was mild and tiansient, 
if existent, and in another case it was mild and of short duiation 

The etiology of the oculai lesions is a most inteiesting question 
In cases 2 and 6 the ophthalmologists weie of the opinion that tuber- 
culosis was the causative factoi Case 3 was the subject of consideiable 
contioversy, with aiguments both foi and against syphilis and tuber- 
culosis In case 5 the lesion was neuioietmitis, which has been described 
as occurring infrequently in uveopai otitis Theie was lack of evidence 
of tuberculosis and impiovement of the iritis with antisyphihtic treat- 

15 Kemp J E, and Moore, J E Syphilis of the Salivary Glands, Arch 
Dermat & Syph 6 57 (July) 1922 

16 Chargin, L , and Rosenthal, T Syphilitic Parotitis, Arch Dermat & Syph 
24 236 (Aug ) 1931 
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inent in case 4 No adequate data relating to the possible tubeiculous 
etiology of the oculai manifestations were available in case 1 

Fever was present in five of the six cases presented here and was 
of many months’ duration in two of these cases 

Facial paialysis occuired in five of the cases Additional neurologic 
abnormalities have been described in the individual case leports The 
first case of the series, in which the condition was characterized by 
uveitis and diffuse polyneuritis, must be regarded as unusual or as rep- 
lesenting a foime fruste, if it is included as a case of uveoparotitis 
The possibility of arsenical polyneuritis cannot be overlooked 

A leview of the literature reveals a multiplicity of causes to which 
uveoparotitis has been ascribed, including tubeiculosis, syphilis, beri- 
beri, mumps, diphtheiia, oral sepsis and “pseudoleukemia ” It has been 
designated also as a vaiiety of the Mikulicz syndrome Most of these 
theories have been discaided, leaving two schools of thought The 
question now stands as to whether the established clinical entity is 
due to tubeiculosis oi to some undiscovered infectious agent such as 
a vnus Gailand and Thomson have advanced considerable evidence 
m favoi of tuberculosis This includes postmortem observation of 
miliary tubeicles (foui cases), biopsy of the iris (four cases), bulbar 
conjunctiva (one case), focal leaction to tuberculin (two cases) and 
pulmonary tuberculosis with positive findings in the sputum (one case) 
These authors declaied m 1933 that they had found incontrovertible 
evidence of tuberculosis in moie than one third of the recorded cases 

It IS tiue that it has been impossible to demonstiate tubercle bacilli 
in biopsy sections of the parotid, lymphoid and ocular tissues, although 
such sections commonly show histologic evidence of a fibrosing endo- 
thehoid lesion that is highly suggestive of tuberculosis Cavard injected 
such material mti aperitoneally into guinea-pigs, producing fatal general- 
ized tuberculosis in one instance Collateral evidence of tuberculosis is 
moie common m the form of the family histoiy, pleural effusion, 
roentgenologic evidence, cervical adenitis and the reaction to tuberculin 
injected intracutaneously 

It IS singular that five of the six patients reported on m this paper 
showed evidence of syphilis by seiologic reaction, in the light of the 
fact that this infection has been recorded larely m the cases of uveo- 
parotitis previously reported As far as can be determined, all previ- 
ously leported cases have been in the white race, whereas this group 
IS composed entirely of young Negresses Thirty or 40 per cent of 
an unselected number of Negro hospital patients in this locality will 
show positive results of serologic tests for syphilis The incidence of 
tuberculosis in Negroes of this city also is high Syphilis is no longer 
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considered seriously as an etiologic agent in uveoparotitis, and in the 
present group of cases the infection is considered as being entirely 
coincidental 

As stated pieviously, the first case of uveoparotitis in this hospital 
was reported by Hamburger and Schaifer m 1928 At that time the 
authors gave as their opinion that the condition represented a form 
of the Mikulicz syndrome They were unable to discover evidence of 
tuberculosis at that time They have recently granted me permission 
to state that in their patient renal tuberculosis subsequently developed, 
for which nephi ectom}’' was pei formed 

In conclusion, it appears that the more fully cases are investigated, 
the more evidence one finds in favor of tuberculosis Garland and 
Thomson seemed to be justified in designating the syndrome as uveo- 
parotid tubeiculosis, and the buiden of proof is on those who favoi 
an unknown viius as the causative agent 

SUMMARY 

Six cases of patients presenting the syndrome of uveoparotitis or 
uveoparotid fever, all young Negresses, are lepoited 

Five of these patients had syphilis and four tuberculosis Thiee 
had both of these infections 

The weight of evidence favors the tubeiculous etiology of uveo- 
parotitis 

Note — M P (case 3) was seen on Nov 18, 1936, and she complained that 
she had suffered from a severe cough for seven weeks There had been no loss of 
weight, and the temperature had been normal Physical and roentgenologic exami- 
nation showed evidence of infiltration of the upper lobe of the right lung sugges- 
tive of pulmonary tuberculosis Examination of the sputum revealed no tubercle 
bacilli 

17 Uveo-Parotid Tuberculosis, editorial. Lancet 2 763, 1934 



RELATION OF EXPERIMENTAL ATHEROSCLEROSIS 
TO DIETS RICH IN VEGETABLE PROTEIN 

R H FREYBERG, MD 

ANN ARBOR, MICH 

In 1920 Newbuigh and Squiei ^ reported the occurrence of athero- 
sclerosis in rabbits fed diets iich in animal protein The diets used 
were of two kinds one was a mixture of milk, scraped carrot and water 
to which casein was added , the other was a mixture of dried powdered 
beef and bread flour in the proportion 1 2 Although it appeared that 
the vasculai lesions had been caused by the piotem of the diets, such a 
conclusion was thought not to be warranted at that time because of the 
smallness of the group of expeiimental animals 

Later, investigation by Newbuigh and Clarkson - showed conclusnely 
that ingestion of muscle meat by rabbits results in extensive athero- 
sclerosis of the aoita and other laige arteiies Eight of eleven animals 
that were fed a diet containing 27 per cent protein derived chiefly from 
dried ground beef muscle for moie than six months became athero- 
sclerotic In all the rabbits that were fed a diet containing 36 pei cent 
protein deiived chiefly from beef muscle for from eighteen to thirty- 
six weeks marked and extensive atherosclerosis developed The 
occurience and extent of the sclerosis were roughly proportional to the 
duiation of the feeding of meat 

Since it had been shown by others ® that feeding of cholesterol causes 
atheiosclerosis in rabbits, it was suggested by some that the cholesterol 
contained in the meat diets caused the vascular lesions Clarkson and 
Newburgh^ showed, however, by the addition of different amounts of 

From the Department of Internal Medicine, the University of Michigan 
Medical School 

1 Newburgh, L H , and Squier, T L High Protein Diets and Arterio- 
sclerosis in Rabbits A Preliminary Report, Arch Int Med 26 38 (July) 1920 

2 Newburgh, L H , and Clarkson, S The Production of Atherosclerosis 
m Rabbits by Feeding Diets Rich in Meat, Arch Int Med 31 653 (May) 1923 

3 Anitschkow, N , and Chalatow, S Ueber experimentelle Cholestennstea- 
tose, Centralbl f allg Path u path Anat 24 1, 1913 Wacker, L, and Hueck, 
W Ueber experimentelle Atherosklerose, Munchen med Wchnschr 60 2097, 
1913 Kon, J Experimentelle Atherosklerose, Tr Jap Path Soc 3 8, 1913 
Bailej, C H Atheroma and Other Lesions Produced m Rabbits by Cholesterol 
Feeding, J Exper Med 23 69, 1916 

4 Clarkson, S , and Newburgh, L H The Relation Between Atherosclerosis 
and Ingested Cholesterol m the Rabbit, J Exper Med 43 595, 1926 
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cholesterol to normal diets, that the amount of cholesterol contained m 
the diets high in beef protein was too small to produce itself hyper- 
cholesteremia or atheroscleiosis It was necessary to add ten times the 
amount of cholesterol found in the meat diets befoie atherosclerosis 
resulted In this same investigation it was pointed out that animals in 
which atherosclerosis developed as a lesult of ingestion of beef muscle 
had, in eveiy case, hypercholesteremia This finding suggested, there- 
foie, that the hypercholesteremia lesulted from cholesterol synthesis 
within the body, caused m some way by the ingestion of diets high in 
meat, and that the vascular lesions resulted fiom the hypercholestei emia 
In order to investigate this pioblem furthei the following experi- 
ments were peifoimed It was desired to learn whether atherosclerosis 
would lesuIt from feeding diets iich in vegetable protein as it did from 
feeding muscle meat and, if it would, whethei hypeicholesteiemia 
pieceded the appeal ance of the vasculai lesions 

EXPERIMENTAL METHOD 

Three diets containing different amounts of vegetable protein were prepared 


as follows 

Diet 1 Gm 

Ground whole soy bean 600 

Corn starch 1,000 

Alfalfa meal 400 

Sodium chloride 12 

Diet 2 Gm 

Ground whole soy bean 1,200 

Gluten flour 400 

Alfalfa meal 400 

Sodium chloride 12 

Diet 3 Gm 

Gluten flour 1,600 

Alfalfa meal 400 

Sodium chloride 12 


To each of these diets baking powder and water were added, and the mixture 
was kneaded into a dough and baked in an oven at 180 F until a brown crust 
formed 

Samples of each diet (after baking) were analyzed for nitrogen by the 
Kjeldahl method Diet 1 contained 2 3 per cent nitrogen, diet 2 5 8 per cent and 
diet 3 6 64 per cent Using Jones’ ° factors for converting percentages of nitrogen 


5 Jones, D B Factors for Converting Percentages of Nitrogen in Foods 
and Feeds into Percentages of Proteins, U S Dept Agric , circular 183, 1931, p 6 
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in so> beans and wheat flour into percentages of proteins, the protein of each 
diet was calculated to be 

Protein, % 


Diet 1 
Diet 2 
Diet 3 


131 
33 0 
37 8 


It should be noted that these diets contained no animal food , consequently tliej 
contained no cholesterol Schonheimer " has shown that plant sterols (ph) to- 
sterol) are absorbed in infinitesimal amounts, if at all These diets are therefore 
“metabohcally” sterol free, so that any abnormality that might result from feeding 
such diets could not be ascribed to dietary sterol 

Eighteen rabbits approximately 4 months old were selected for this stiidi 
These animals were kept in individual cages They were divided into three 
equal groups, each group receiving a different diet Twice weekly the diet was 
supplemented by a feeding of lettuce oi carrots In order to avoid a deficiency 
of vitamin D, the rabbits were given ultraviolet radiation, each animal receiving 
the equivalent of approximately 1 human skin erythema dose weekly 

At intervals the animals were weighed and bled from the marginal vein of 
the ear Five cubic centimeters of blood was removed on each occasion, clotting 
being prevented by the use of sodium oxalate The whole oxalated blood vas 
analyzed for its cholesterol content bj'^ the oxidative digitonin method of Okei ^ 
After various lengths of time the animals of each group were killed, and the 
large arteries were examined grossly and microscopically for evidence of athero- 
sclerosis 


RESULTS 

All the animals fed diets 1 and 2, which weie crumbly and had a 
pleasing taste, ate heaitily from the outset and lapidly increased in 
weight, in fact, some became obese The labbits fed diet 3, which tvas 
hard and tasteless, ate sparingly during the eaily part of the stud}, 
duiing which time they either lost weight oi giew'' only a little After 
about thiee months they began to eat well and gamed in w'^eight It 
wnll be shown latei that these difteiences m the nutiitional state of the 
animals are important 

The cholesterol values and autopsy obseivations aie suinmaiized 
in the accompanying tables 

6 In soy beans the amount of nitrogen multiplied by S 71 equals the amount 
of protein In wheat the amount of nitrogen multiplied bv 5 7 equals the amount 
of protein 

7 Schonheimer, R Ueber die Bedeutung der Pflanzensterine fur den tier- 
ischen Organismus Ueber die Sterine des Kanmchenkotes, Ztschr t physiol 
Chem 180 32, 1929 Schonheimer, R , von Behring, H , Hummel, R, 
Schmdel, L Ueber die Bedeutung gesattigter Sterine im Organismus, ibid 192 
73, 1930 

8 Oke}', R A Micromethod for the Estimation of Cholesterol by Oxidation 
of the Digitonide, J Biol Chem 88 367, 1930 



Tablf 1 — JVetght, Cholcstci ol Values of the Blood and Condition of the 
Aoita of Ammals Fed Diet 1, Containing 131 Pei Cent Vegetable 
P> olein. Chiefly fiom Soy Beans 


Blood 




Day ot 


Cholesterol, 

Condition of 




Experi 

Weight, 

Mg per 

Animal 

Condition of 

Animal 

Sc\ 

nieiit 

Bg 

100 Cc 

When Skilled 

Aorta 

1 

M 

1 

1 SO 

80 

“Snuffles” 

Normal 



48 





2 

JI 

5 

1 50 

67 





82 

2 26 

76 





124 

2 60 

80 

Healthy 

Normal 

3 

M 

38 

2 68 

74 





138 

170 

64 





192 

3 70 

119 

Healthy 

Normal 

4 

M 

43 

2 25 

57 





120 

3 52 

73 





228 

4 20 

50 

Healthy 

Normal 

5 

M 

1 

188 

72 





43 

1 97 

69 





120 

2 35 

85 





228 

285 






281 

2 93 

67 

Healthy 

Normal 

6 

M 

1 

1 94 

87 





43 

2 11 

69 





120 

2 66 

124 





228 

3 20 

82 





281 

4 48 

71 

Healthy 

Normal 


Table 2 — JVetght, Cholestci ol Values of the Blood and Condition of the 
Aoita of Animals Fed Diet 2, Containing 33 Per Cent Vegetable 
Piotcin, Chiefly fiovi Soy Beans and Gluten Floui 


Blood 




Day of 


Cholesterol, 

Condition of 




Experi 

Weight, 

Mg per 

Animal 

Condition of 

Animal 

Sc\ 

ment 

Kg 

100 Cc 

When Killed 

Aorta 

11 

M 

1 

2 00 

87 





38 

2 40 

89 





99 

2 80 

91 





159 

315 

84 

Healthy 

Normal 

12 

M 

1 

1 65 






60 

1 99 

80 





104 

2 49 

69 





180 

2 25 

70 





217 

2 35 

68 

Bubo on neck 

Normal 

13 

M 

1 

2 40 

110 





44 

2 61 

77 





120 

2 02 

70 

• 




228 

3 15 

70 

Healthy 

jSormal 

14 

M 

1 

1 60 






31 

200 

98 





92 

2 75 

85 





168 

3 07 

67 





276 

410 

54 

Healthy 

Norm il 

15 

M 

23 

1 90 






92 

2 52 

69 





168 


90 





286 

3 05 






346 

3 05 

79 

Healthy 

Normal 

16 

M 

1 

2 27 






60 

2 42 

86 





104 

290 

85 





180 

2 90 

80 





288 

3 50 

67 





349 

315 

134 

“Snuffles” 

Koimal 
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None of the animals showed gioss or microscopic evidence of 
atherosclerosis of the aorta oi other large vessels The level of cholesterol 
in the blood remained close to the preexperimental value in the majoiity 
of animals Considering the range of 35 to 125 mg per hundred cubic 
centimeters found by Clarkson and Newburgh ^ as normal, only labbits 
16, 21, 22, 23, 25 and 26 showed hypercholesteremia at any time In 
none of the animals was the level of cholesterol in the blood very high , 
the highest value observed was 182 mg per hundred cubic centimeters, 


Table 3 — Weight, Cholesterol Values of the Blood and Condition of the 
Aoita of Animals Fed Diet 3, Containing STS Per Cent 
Vegetable Pi otein. Chiefly from Gluten Flow 


Animal 

Se\ 

Day of 
Experi 
ment 

Weight, 

Kg 

21 

r 

23 

1 16 



147 

2 20 

22 

M 

1 

2 50 



2s 

210 



35 




96 

195 



156 

2 36 

23 

F 

23 

1 05 



147 

188 



209 

2 20 

24 

M 

1 

190 



43 




104 

2 10 



164 

2 33 



25S 

2 43 

25 

M 

1 

2 05 



36 

1 50 



43 




104 

1 70 



164 

2 50 



258 

3 12 



320 

3 30 

20 

11 

1 

2 50 



28 

1 SO 



96 

197 



156 

213 



280 

2 65 



342 

2 65 


Blood 
Cholebtcrol, 
Mg per 

100 Cc 

Condition of 
Animal 
■UTien Killed 

Condition of 
Aorta 

89 

170 

Undernourished 

Kormnl 

65 



97 

182 

70 

Health! 

Kormal 

73 

126 

154 

Slightly 

undernourished 

Koruial 

72 

87 

69 

95 

65 

Health! 

Normal 

95 



100 

156 

137 

104 

97 

Healthy 

Normal 

93 



127 

93 

74 

no 

Health! 

Normal 


found on the ninety-sixth day in rabbit 22 In three animals (labbits 22 , 
25 and 26) the slight elevations of the cholesterol content of the blood 
occuiied at the times the animals were considerably undernourished 
The}'^ latei began to eat heartily of the same high protein diet, they 
gained weight, and the cholesterol content of the blood returned to 
noimal 

Only thiee animals had hypercholesteremia when killed After two 
hundied and eighty -eight days with a normal cholesterol value, rabbit 
16 contracted “snuffles ” and its weight decreased from 3 5 to 3 15 Kg 
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during the two months just piioi to its death, when the slightly high 
value of 134 mg per hundred cubic centimeters was found Rabbits 21 
and 23 were younger and very small females when the feeding started 
They increased m weight but weie still undernourished when killed 
The cholesterol values were 170 and 154 mg per bundled cubic centi- 
meters, respectively, when the animals weie killed 

COMMENT 

Since hypeicholesteiemia was in evei}'^ case associated with under- 
nutiition and since the cholesteiol content of the blood leturned to 
1101 mal in eveiy instance when a iioimal nutiitional state again obtained, 
while the animals remained on the same high piotein diets, the lare 
occui rence of hypercholesteremia evidently was not caused by the protein 
of the diets but lesulted from malnutiition 

It IS clearly shown that diets high m vegetable protein do not pi oduce 
atheiosclerosis Diets 2 and 3 contained as much oi more piotein than 
did the beef muscle diets fed by Clarkson and Newburgh, which in 
eveiy case caused atheiosclerosis in fiom eighteen to thiity-six weeks 
Theie are two possibilities which would explain the occurrence of 
atheiosclerosis m rabbits fed on diets rich m animal protein and the 
absence of such vascular lesions in rabbits fed on diets high in vegetable 
protein Either the animal protein itself when fed to rabbits causes 
this lesion, or there is a nonprotem constituent of these animal foods 
■which IS the etiologic agent 

The first of these explanations seems very unlikely Complete 
analyses of the protein of beef muscle, gluten floui and soy beans aie 
not available Yet the analytic data that exist show the composition of 
these various proteins themselves to be such that the difference in results 
obtained cannot logically be attributed to differences in the proteins It 
appears, then, that the factor responsible for the development of atheio- 
scleiosis IS a nonprotem constituent of these animal foods The diet 
used by Newburgh and Squier, which contained milk and casein, may 
well have contained enough cholesterol to account for the vascular 
lesions observed ^ It must be remembered, however , that Clarkson and 

9 In order to determine whether this was true, my colleagues and I wished 
to give a diet rich m casern and sterol free and observe whether atherosclerosis 
w^ould result We were unsuccessful in completely freeing casein of sterol by 
any method of extraction It could be rendered very poor in sterol, however, 
by repeatedly extracting it in hot alcohol according to the method of Randles 
and Knudson (Studies on Cholesterol Synthesis of Cholesterol m Animal Body, 
J Biol Chem 66 459, 1925) A diet was made up consisting of 40 per cent of 
this extracted casein and 60 per cent sucrose, supplemented by carotene, ether- 
extracted yeast extract and linoleic acid Unfortunately, the rabbits would not 
eat this diet 
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Newbuigh showed that their heef muscle diets contained too little 
cholesterol to cause atherosclerosis It appears, therefore, that there is 
a nonpiotem constituent other than cholesterol in animal flesh which 
when ingested m sufficient quantities by rabbits causes h3'^percholesteremia 
and atheioscleiosis Fuithei investigative studies of this pioblem 
aie planned 

CONCLUSIONS 

Diets containing 33 and 37 8 pei cent of A^egetable piotein fed to 
labbits for as long as eleven months failed to produce atherosclei osis 
Rarely were cholesteiol values of the blood observed which were 
higher than the normal range These weie m every case associated 
with undernutrition and are thought not to lesult directly from ingestion 
of large quantities of vegetable piotein 

These data suggest that the atherosclerosis obseived when rabbits 
were fed diets rich m muscle meat was due to a nonprotein constituent 
of this animal food 



TORULA INFECTION OF THE CENTRAL 
NERVOUS SYSTEM 


EDWARD A LEVIN, AID 

SAN FRANCISCO 

Tolula infection of the cential nervous system is a raie disease 
hut one which is of interest to the internist and the syphilologist as 
well as the neuiologist Clinically, in these cases a diagnosis of tumor 
or abscess of the brain, tuberculous meningitis, encephalitis or dementia 
paralytica is made, and frequently the true etiology is not revealed until 
autopsy IS pei formed 

Rusk, 111 1912, undei the title “Systemic Oidiomycosis,” was the 
first in this countr}'’ to repoit a case of torula infection of the central 
nervous system His lepoit was antedated m Germany, however, by 
that of von Hansemann m 1905 and that of Turk m 1907, each of whom 
reported one case It remained for Stoddard and Cutler m 1916 to 
describe the clinical characteristics of this disease and to isolate the 
causative oiganism by cultural methods, animal inoculations and his- 
tologic sections They differentiated this condition from other mycotic 
infections of the central nervous system and named the organism 
Torula histolytica They analyzed the previously reported cases and 
added reports of two of their own cases By 1919 only thirteen instances 
of cerebral torulosis had been reported Freeman and Weidman in 1923 
gave a critical analysis of the cultural characteristics and classification 
of Torula Freeman later reviewed the gross and histopathologic changes 
observed in nineteen cases of torulosis and m 1931, m an exhaustive 
monograph, he collected the reports of forty-three cases Since then 
fifteen more instances have been recorded, m addition to the two cited 
here, making a total of sixty cases of invasion of the central nervous 
system by Torula (table 1) lepoited in the hteratuie 

REPORT or CASES 

Cask 1 — A German aged 59, the superintendent of a foundry, was admitted 
to the medical service of the Cleveland City Hospital on Oct 26, 1933 His 
illness began five and one-half years before his admission to the hospital, with 
headache, vomiting, blurring of the vision and weakness During the six months 
after the onset of the illness he was hospitalized on four different occasions by 

From the Department of Dermatology and Syphilology, Western Reserve 
University and the Cleveland City Hospital, Cleveland, service of Dr Harold N 
Cole 



Table 1 — Analysis of Stxtv Cases of Cei ehi ospinal Toiulosis 


fie\ of patient 

Males 
Pemales 
Not stated 

Age distribution m years 

Under 10 
10 19 
20 29 
30 39 
40 49 
50 59 
60 69 

Not stated 

Diagnosis made before culture or autopsj 

Tuberculous meningitis 
Meningitis (unqualified) 

Encephalitis 
Tumor of brain 
Abscess of brain 
Dementia psychosis 
Dementia paraljtica 
Miscellaneous 
Not stated 

Duration of illness in months 

0 1 
1 
2 

3 

4 

5 

6 
7 
S 

9 

10 12 
13 24 
25 36 
37 48 
49 60 
61 72 

Unknown 

'Organs involved, including central nervous sjstem 

Dungs 

Generalized 

Kidney 

Spleen 

Adrenal glands 
Abdominal node 
Peribronehial node 
Tonsil 

Subcutaneous tissue 
Skin 

Central nervous system only 

■When diagnosed 

Post mortem 
Ante mortem 

How diagnosed 

Antemortem cultures only 
Biopsy of brain ante mortem 
Postmortem histologic sections 
Cultures and postmortem histologic sections 


^0 of Ca^es 

39 

20 

1 


1 

G 

9 

9 

15 

IG 

2 

0 


10 

5 

7 

G 

4 

5 
2 
£ 

19 


3 

G 

10 

9 

8 

3 

3 

1 

2 

1 

1 

3 

3 
0 
0 
1 

4 


9 

8 * 

2 

1 

1 

1 

1 

3 

2 

5 

SO 


23 

37 


10 

2 

22 

2G 


In one case the lungs were not involved 
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various medical attendants Despite extensive roentgenographic and laboratory 
investigation, the only findings were “300 cells in the spinal fluid, chiefly lympho- 
cytes and some small monocytes of various sizes and staining depth There was 
a positive reaction to the globulin test, and the colloidal gold curve suggested 
the presence of meningeal irritation Guinea-pig inoculations gave negative results 
The patient was discharged ambulatory, with a final diagnosis of meningitis 
unqualified ” Except for an occasional remission, his condition grew progressively 
worse, and about one year prior to his entry to this hospital he was confined to 
Jus bed 

Physical examination revealed that the patient was apathetic and not acutel}"^ 
ill, showing evidence of a loss of weight Except for moderate arteriosclerosis, 
weakness and general muscular atrophy, there were no definite findings The 
fundi showed some grayish exudate covering the vessels as they emerged from 
the central portion of the nerve head as probable evidence of an old choked disk 
The impression reported at that time was that the condition was tumor of the 
brain, cerebral thrombosis, tuberculous meningitis or cerebrospinal syphilis 
Laboratory investigation, including culture of the spinal fluid, revealed no abnor- 
mality Roentgenograms of the chest and skull showed no evidence of a patho- 
logic process Roentgenograms revealed the presence of destructive mastoiditis 

Dr L Karnosh, of the neurologic department, who was called m m consultation 
reported the following neurologic components generalized hyperreflexia, with 
more lively reflexes on the right , absence of the superficial reflexes symmetrically , 
a strong Babinski reflex on the right, a reduction in the size of the right pupil, 
with fine nystagmus when the eyes were directed to the right , mild hypesthesia over 
the second and third divisions of the right trigeminal nerve, voluntary and 
mimetic movements of the right side of the face, due to weakness , some central 
deafness on the right, hemihypesthesia to all qualities of sensation on the left, 
astereognosis of the left hand, and a very unsteady gait, which was attributed 
to general weakness Combined cisternal and lumbar puncture revealed a prac- 
tically complete subarachnoid block The initial manometric readings were 60 
mm of water in the cisterna and 0 mm in the lumbar region The Queckenstedt 
test showed a 20 mm rise m the pressure in the cisterna and only 2 mm in the 
Jumbar region, while straining caused a 20 mm rise cisternally and a 10 mm rise 
in the lumbar region 

It was believed that “most of the patient’s symptoms were due to a diffuse 
process about the brain stem, from the midbrain to the lower border of the 
pons In coordinating such symptomatology with the findings m the spinal fluid 
and with the unusual character of the disease, it was assumed that the lesions 
were of a granulomatous type, and it was therefore suggested that the condition 
might be due to a blastom 3 ^cotic infection ” The patient was transferred to the 
dermatologic service for further investigation and mycologic study Suitable 
methods of culture and animal inoculation established the diagnosis of torula 
invasion of the central nervous system 

During the patient’s entire stay of four months in the hospital he was afebrile 
except for a brief period of fever six weeks after entry, due to the development 
of bilateral purulent otitis media The headaches, vomiting, weakness and dis- 
orientation progressed, and he died on December 29, five and one-half years after 
the onset of the illness 

Laboiaioiy Exammation — The blood count showed hemoglobin, 80 per cent 
(Sahh) , erythrocytes, 5,050,000, leukocytes, 9,700, and polymorphonuclears, 76 
per cent Chemical analysis of the blood showed sugar during fasting, 92 mg 
cholesterol, 250 mg , urea nitrogen, 12 1 mg , total protein nitrogen, 1,000 mg , 
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nonprotein nitrogen, 31 mg , total protein, 6 05 mg , albumin, 3 41 mg , albumin- 
globulin ratio, 1 28, and chlorides, 402 mg per hundred cubic centimeters The 
icteric index was 6 The Wassermann reaction of the blood Avas negatue, ami 
cultures of the blood, including cultures for Torula, were sterile 

Repeated lumbar puncture showed the spinal fluid to be slightly xanthochromic 
The cell count varied from 75 to 280, with a predominance of lymphocytes An 
occasional yeast cell could be seen Chemical analysis of the fluid revealed that 
the sugar content was markedly decreased, varying from 7 to 15 mg per hundred 
cubic centimeters The analvsis also showed sodium chloride, 612 mg , non- 



Fig 1 (case 1) — Photomicrograph (low power) of the choroid plexus, hema- 
toxylin and eosm stain Note the destruction of the normal architecture and the 
replacement of tissue bv pseudocysts 

protein nitrogen, 22 mg , total nitrogen, 393 mg , and total protein, 2 32 Gm The 
Wassermann reaction was negative, and the mastic curve showed an increase 
in the middle zone 

A complete autopsy was performed by Dr H S Reichle, of the department 
of pathology' The final anatomic diagnosis was infectious granulomatosis (T 
histoh'tica), with invasion of the meninges and brain, chronic leptomeningitis, 
with external and internal hydrocephalus, chronic purulent mastoiditis, pulmonar% 
emphysema, serere anthracosis and bronchopneumonia in the lower lobes of 
both lungs 
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Torula in pure culture was recovered from the spinal fluid beneath the pons 
A careful cultural search did not reveal the organism in the tonsils lungs, bronchi, 
spleen, liver, kidnej, extradural or subdural spaces or mastoid processes Cultures 
of the heart blood were sterile Except for the brain and meninges, histologic 
sections of all the organs failed to reveal the presence of Torula 

Case 2 — A white man aged 41 was first seen by a physician in June 1933 
He complained of headaches in the frontal region of four months’ duration 
Results of ph 3 ’^sical examination were essentiallj" unimportant The headaches 
became progressive!}'' worse, and four months later the patient was suffering from 



Fig 2 (case 1) — Photomicrograph (moderate magnification) of the choroid 
plexus, hematoxylin and eosin stain Note the granulomatous inflammatory reac- 
tion with lymphocytes, plasma cells and giant cells The organisms can be seen 
as small, round bodies surrounded by a clear space or “lytic zone ” Many of these 
spaces have coalesced, forming cystlike areas containing the organisms 

nausea, vomiting and dizziness A Wassermann test of the blood was negative 
Lumbar puncture revealed no abnormality, only 3 cells being seen Ophthalmoscopic 
and otorhinolaryngologic investigations revealed nothing of significance Roentgeno- 
grams of the chest and skull were negative, except for sclerosis of the left mas- 
toid process and obliteration of the air cells A neurologist who was called in 
consultation made a diagnosis of tumor of the frontal lobe of the brain 
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The patient continued to suffer from headaches and vomiting Three weeks’ 
hospitalization in November 1933, nine months after the onset of the illness, 
revealed no definite physical findings, except evidence of an early stage of choked 
disk The pressure of the cerebrospinal fluid was 300 mm There w'ere 160 
cells, mostly lymphocytes The Tandy test gave a positive result, with an ah pical 
colloidal gold curve The Wassermann reaction was negative 

For lack of any definite etiologic information and in view of the possibility 
that the condition might be due to syphilis of the central nervous system, anti- 
sj'phihtic therap}' was instituted Repeated spinal puncture alleviated the symp- 



Fig 3 (case 1) — Photomicrograph (moderate magnification) of a section of 
the brain, hematoxjdm and eosin stain Note the meningeal reaction about the 
pia-arachnoid of a cerebral sulcus, chiefly lymphocytes and plasma cells 

toms but revealed little variation from the findings of the earlier examinations 
The eyegrounds were again examined, and it was decided to give the patient 
tryparsamide He recened five weekly injections, making a total of 9 Gm Ten 
day's after the last treatment rapid failure of vision resulted, with marked visual 
constriction Headache and vomiting continued An internist who was called m 
consultation favored the diagnosis of multiple sclerosis In July 1934, seienteen 
months after the onset of the illness, because of the possibility of cerebral sj'phihs, 
the patient w'as referred to Dr H N Cole, who made a tentative diagnosis of 
torulosis The patient was hospitalized for lumbar puncture and further study 
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The same procedure as in the first case established a definite diagnosis of torula 
infection of the central nervous system by means of cultural studies and animal 
inoculations 

CLINICAL PICTURE AND DIAGNOSIS 

The clinical manifestations of this disease are vaiiable but can 
leadily be understood when the inci eased intracranial pressure, the 
multiple granulomatous oi cystic lesions and the involvement of the 
meninges are considered The disease often sets m insidiously, with 



Fig 4 — Photomicrograph (high power) of a section of the lung of a mouse,, 
hematoyxlin and eosm stain The round, budding organisms are clearly shown. 
Note the variation in size, capsule formation, sharp margins, granules and lack of 
inflammatorj’' reaction 

mteimittent seveie headaches in the fiontal legioii, latei becoming 
more continuous, although occasionally the onset is violent and sudden, 
with excruciating headaches and vomiting At times this cephalalgia 
may be the only clinical manifestation of the disease 

Dizziness, veitigo, stiffness and pain in the back of the neck are 
common symptoms In many patients mental disorders are likely to 
occur, such as depression, disorientation, apathy, lestlessness, iiritabihty 
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and delirium Amblyopia is common Staggeiing, ataxia and hemi- 
plegia have been noted The commonest physical finding is stiffness 
of the neck, the Kernig sign, as well as the Bnidzinski sign The 
reflexes are vaiiable The patellar and the achilles tendon leflex aie 
usually lost Occasionally the Bahinski sign is obtained Neuroretmitis, 
papilledema and choked disk are of frequent occurience Othei ocular 
disorders, such as strabismus, nystagmus and ptosis, as well as diplopia, 
also are noted 



Fig 5 — Photomicrograph (moderate magnification) of a section of the brain 
of a mouse , hematoxylin and eosm stain Note the cystic lesion containing Torula 
and remnants of brain tissue as thin trabeculations extending from the margins 
within the cyst 

As a rule the patient is afebrile, and the symptoms of an acute infec- 
tion are absent Rarely is the temperatuie over 101 F or the pulse 
rate over 100 The blood pressure remains normal As the disease 
progresses, loss of weight and strength invariably occurs The course 
IS progi essively downhill, although occasional periods of i emission may 
be noted The patient ultimately becomes comatose and dies of respira- 
tory failure 
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Torulosis of the cential nenous S3^stem (table 1) is a disease of 
adult life, two thirds of the patients being between 30 and 60 years 
of age The duration is vaiiable, but in the majority of instances from 
one to SIX months of illness has been reported Race, occupation and 
geography seem to be of no importance as legaids incidence, foi the 
disease has been noted in pel sons in all walks of life and m various 
paits of the globe Males outnumber females two to one A clinical 
diagnosis is most difficult because of the protean manifestations of this 
disease and its close simulation of more common conditions, particu- 
larly tubeiculous meningitis, tumor or abscess of the brain and enceph- 



Fig 6 — A month old culture of Torula from the second patient grown on 
Sabouraud’s maltose agar medium (a) This shows the t 3 ^pe of growth occasionally 
encountered — a moist, glistening, pasty, but rather firm growth which tends to 
from sectors about the periphery A month old culture of Torula (courtesy of 
Dr Weidman) grown on Sabouraud’s maltose agar medium (b) This shows 
the typical mucoid, pasty, semifluid colony, with a major portion of the growth 
in the dependent portion of the tube 

ahtis Differentiation of torulosis from syphilis of the cential neivous 
system is often necessary Howevei, the Wassermann leaction of the 
blood, the findings m the spinal fluid and/or a characteristic history 
invariably confiim the diagnosis in cases of syphilis The differentiation 
of torulosis (table 2) from other mycotic infections of the central 
nervous system depends, of couise, on cultures of the spinal fluid and 
perhaps on animal inoculation In cases of cerebral involvement due 
to blastomycosis, coccidiosis sporotrichosis or actinomycosis, invasion 
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Fig 7 — A, a hanging drop preparation of Torula in saline solution Note the 
morphologic aspects and the %arious stages of budding B, an india ink preparation 
of culture a shown in figure 6 The mucinoid envelop is seen as a clear zone or 
halo surrounding each organism 




■Diffct entml Featiiies of Yeast, Moiiiha, Tmnla, Blastomyces and Cocctdtoides 
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of the nervous S3^stem is usually secondary to primary involvement 
elsewhere, particularly in the skin or subcutaneous tissue 

laboratory examination 

The routine laboratory examination of the blood and urine offers 
little as an aid in making a differential diagnosis Mild anemia may be 
present, the leukocyte count is variable and theie is no eosinophiha 
Studies of the blood chemistiy show no significant findings 

The examination of the spinal fluid, however, is most important 
The fluid IS deal, xanthochromic or tuibid and under inci eased pres- 
sure The cell count is inci eased, usually ranging from 200 to 800 cells, 
but there ma)'^ be as few as 3 oi as many as 1,000 cells In many cases a 
pellicle forms The specific gravity is usually about 1 008, and there 
IS an increase in the albumin and globulin contents The sugar con- 
tent IS variable but may be markedly decreased The colloidal gold ciiive 
IS not constant hut is most often typical of meningitis or syphilis The 
Wasseimann reaction is negative 

Routine examination of the spinal fluid for a cell count m the 
counting chamber or a hanging drop preparation of the sediment from 
a centrifugated specimen may reveal the presence of the yeastlike cells, 
and even budding may be noted A smear from this sediment may 
show round oi oval, although somewhat distorted, gram-positive cells 
A Wright stain (Jacobson) will help to distinguish lymphocytes from 
toiulas, as the lattei aie not differentiated by this stain If a loopful 
of the sediment is mixed with a diop of india ink on a slide and a cover 
slip IS applied, the yeastlike oiganisms will appear to be sui rounded 
by a halo and will stand out shaiply against the black back- 
ground Microscopic examination alone, however, is inconclusive, and 
for a positive diagnosis culture and animal inoculation aie essential 

ETIOLOGY 

Torula is an oval or round, double-contoured, highly refractive yeast- 
hke organism which reproduces both in tissue and in culture mediums 
only by budding Sporulation and the formation of hyphae do not 
occur It IS widely distributed in nature and has been cultivated from 
plants and the bodies of many insects, as well as from canned butter 
(Henrici) and milk It is ordinarily nonpathogemc Vaiious sapiopby- 
tic or avirulent strains have been recovered also from normal skin 
(Benham and Hopkins), from the throat and from the gastro-mtestinal 
tract of man (Anderson) 

Certain strains, however, have pathogenic properties (Benham) and 
become parasitic on man Cases of torulosis m animals also have been 

1 Tanner and Lampert Tanner, Lampert and Lampert 
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lepoitecl- The portal of entry is not known, but the oiganisms gain 
entrance most likely by way of the upper respiratory tract to the lung 
and the central nervous system While Torula has a special predilection 
foi nerve tissue, generalization may occur Rarely, the lungs only may 
be involved ^ At times localized abscesses ■* and cutaneous lesions in 
conjunction with ceiebral involvement® have been noted Howevei, 
nonfatal localized lesions without cerebral involvement also have been 
leported® In some instances the i elation of Hodgkin’s disease to toiu- 
losis has been demonstrated ' 

An antemortem diagnosis can be made only by direct examination 
of the spinal fluid, corroboiated by cultuial studies and animal inocula- 
tions Repeated examination of the spinal fluid may be necessaiy, as 
at times the oiganisms may be few Centrifugation and examination 
of the sediment will assist mateiially 

Torula appears to giow leadily on the ordinal y bactei lologic medi- 
ums, although an acid medium, such as Sabouraud’s maltose agar, 
favois a more rapid growth Sufficient time, however, should be allowed 
for the colonies to appeal The tubes should not be discarded for at 
least ten days The cultuies giow equally well at room tempeiature 
and m the incubator Fresh spinal fluid is not a requisite, as the organ- 
isms aie resistant The colonies first appeal as minute, elevated, whitish, 
circulai, glistening dots with well defined margins They grow slowly 
and aie of a moist and pasty consistency, so that they tend to slide 
down the slant to the dependent portion of the tube Primary cultures 
usually appear within foui or five days, although subsequent transplants 
glow much more rapidly The cultures tend to become yellowish brown 
with age Young cultures are gram-positive, while oldei cultures are 
gram-negative 

In broth the growth collects m the bottom m a compact mass without 
turbidity of the medium Microscopic cultures oi a hanging drop 
preparation from a gross culture will not show any spore formation 
oi hyphae In one month old colonies an mdia ink preparation (Weid- 
man and Freeman) will show the oiganism’s most characteristic feature 
— a clear zone or halo surrounding each cell The ability of this organ- 
ism to ferment sugars is very feeble (Weidman) 

Foi animal inoculation, white mice are best One cubic centimeter 
of the organisms suspended m saline solution is injected intraperito- 

2 Frothingham Weidman and Ratcliffe 

3 Sheppe Hardaway and Crawford 

4 Smith and Crawford Johns and Attaway 

5 Verse Rappaport and Kaplan Urbach and Zach Bernhardt, Zalewski 
and Burawski Mook and Moore Weidman (1933) Wile 

6 Gill McGhee and Michelson Berghausen Jones 

7 Cabot Fitchett and Weidman 
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neally The mice visually succumb to the infection within a month If 
they do not, they should be killed, and cultures should be made from 
specimens obtained fiom the brain, liver, kidney, lung and spleen 
Histologic sections will usually substantiate the cultural findings Post- 
mortem examination of the mice raiely reveals any gross pathologic 
change, despite extensive microscopic involvement, although occasionally 
cystic 01 nodular lesions the size of a pinhead can be seen 

In the tissues the oiganisms vary fiom minute, round objects, only 
a few microns in diametei, to laige, round bodies, from 40 to 50 micions 
in diameter The shape may be spheiical or oval The margin is lather 
sharp, and the largei cells frequently have a double contour The for- 
mation of a capsule is not constant The organism is variable in its 
reaction to stains With hematoxylin and eosin stain they become 
slightly bluish or at times pink, or they may take no stain whatever, 
appearing as cleai lefractile bodies With the Gram stain they show 
marked amphophiha, so that many of the oi ganisms are intensely purple 
or even black while otheis take on a delicate shade of pink Minute 
granules can often be seen within the bodies of these cells In tissue, 
as in culture, repioduction is only by budding 

PATHOLOGIC PICTURE 

According to the gross pathologic pictures the various forms of 
this disease have been classified by Freeman (1930 and 1931) into three 
types (1) a puiely meningeal form, with diffuse or granulomatous 
meningitis , (2) a penvasculai form, with small granulomas or cysts 
m the cortex, extending from the suiface of the brain along the course 
of the vessels into the cerebial paienchyma, and (3) an embolic form, 
with deeply placed lesions lying chiefly m the gray matter of the basal 
ganglions but occasionally m the white mattei of both the cerebellum 
and the cerebium 

TREATMENT 

There is no specific treatment for this disease — all proved cases 
have been fatal Some relief may be obtained by repeated spinal 
puncture to alleviate the symptoms due to the increased intracranial 
pressure 

COMMENT 

The first case repoited was unusual in that the duration of the 
disease was prolonged An illness of five and one-half years is the 
longest on record (the longest duration previously reported [Urbach 
and Zach] was two and one-half years) Despite this prolonged period 
of infection the cerebral invasion was well localized to the meninges 
and choroid plexus, and general invasion did not take place by way 
of the ventricular system or the meninges The early finding of “300 
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cells in the spinal fluid, with many small monocytes of vaiioiis sizes 
and staining depth,” strongly suggests that Torula was piesent then 
but not recognized, despite cultures and guinea-pig inoculation 

In many other cases repoited the specimens of cerebrospinal 
fluid which weie sent foi cultuie were said to be steiile This may have 
been due to the following facts First, the laboratory technician may 
not have been familiai with this organism Second, only minute amounts 
of the fluid may have been used on or in the cultuie mediums Thud, 
even under optimum conditions it may be foui days at the eaihest befoie 
a small colony the size of a pinpoint makes its appeal ance Most cul- 
tuies made as a loutine will have been discarded by then and lepoited 
as sterile oi showing no giowth Fouith, only oidmaiy cultuie mediums 
may have been used In cases of suspected toiulosis sugar containing 
mediums which favoi a moie rapid growth likewise should be employed 
Into the tube of Sabouiaud’s agar slant oi bioth 2 cc of spinal fluid 
may be introduced and all inoculations may be made directly from the 
punctuie needle, so as to insure the injection of a sufficient amount 
of mateiial and to prevent the possibility of contamination This will 
also prevent attributing the yeastlike colonies which may be obtained 
on cultivation to contaminants 

SUMMARY 

Tolula infection of the central nervous system is a chronic disease 
with clinical manifestations lesembling those of tuberculous meningitis, 
tumoi 01 abscess of the biaiii oi encephalitis caused by a yeastlike bud- 
ding oiganism, Torula This organism is widely distributed in nature 
and IS oidmaiily nonpathogenic It is distinguished from other similai 
organisms by the absence of mycelia and spore foimation, the presence 
of a capsule and little tendency to feiment sugars Ceitain shams, 
however, have pathogenic properties and manifest a special piedilection 
for the central nervous system 

The disease sets in insidiously with persistent severe headache, stiff- 
ness of the neck and vomiting, and later dimness of vision or actual 
blindness, paralysis and convulsions may occui As a rule the patient 
IS afebiile, and the symptoms of an acute infection are absent Stiffness 
of the neck, neuioretimtis or choked disks, diplopia, nystagmus, strabis- 
mus and variable changes in the leflexes are the outstanding physical 
findings The blood count and blood chemistiy leveal no characteristic 
picture The spinal fluid is under inci eased pressure and is clear or 
xanthochromic, with an increased number of cells, chiefly lymphocytes, 
and an inciease in the amount of albumin and of globulin The col- 
loidal gold cuive IS most often of a meningitic type The diagnosis 
can be made ante mortem only by the identification of the causative 
organism in the spinal fluid Theie is no effective treatment, the course 
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of the disease being steadily downwaid, with a fatal termination Patho- 
logically theie IS noted granulomatous meningitis, and if the cerebral 
tissue IS involved, cystic and granulomatous lesions aie present, with 
relatively slight inflammatory reaction 

Torulosis of the central nervous system is lelatively easy to lecog- 
nize, if It IS kept m mind and if a diligent search is made m the spinal 
fluid for the causative oiganism It should be considered as a possibility 
m cases of obscure cerebrospinal disease, especially those characterized 
by severe headaches without a definite etiology 

Dr Harold N Cole gave manj'- helpful suggestions during the preparation of 
this paper, and my colleagues at the Cleveland City Hospital assisted in various 
ways Dr G Y Rusk, of the department of pathology, the Mount Zion Hospital, 
San Francisco, made the photomicrographs and reviewed the histologic sections 
Dr Fred Weidman, of the department of dermatologic research, the University 
of Pennsylvania Medical School, permitted me to make a study in his laboratory 
of the various strains of Torula 

450 Sutter Street 
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UNUSUAL GLYCOGEN STORAGE IN A CASE OF 
DIABETES MELLITUS 


EARL W BRIAN, MD 
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DURHAM, N C 

In fatal cases of diabetic acidosis the stoies of glycogen m the 
body are, as a lule, markedly depleted The importance of the case 
to be described lies in the paradoxical presence of an enlarged liver 
containing an excessive amount of glycogen in a diabetic patient who 
died in acidosis 

REPORT OF CASE 

Clmtcal History — M R , a white man aged 24, was admitted to Duke Hospital 
on Nov 10, 1934, in severe diabetic acidosis There was no family history of 
diabetes 

In February 1930, "while at work in a college laboratory, he found that his urine 
gave a positive reaction for sugar This was not confirmed by the physician of 
the college In September 1930 the patient began to lose weight and to have 
polyuria, polyphagia and polydipsia Two months later, while he was in the col- 
lege infirmary for an unrelated cause, glycosuria was again detected His family 
physician prescribed a diet with 15 units of insulin three times daily The patient 
did not follow this regimen but soon fell into the habit of taking 20 or 30 units of 
insulin per day as he saw fit, covering each dose with a glass of orange juice 

On Feb 6 1931, he was admitted to Duke Hospital in moderate acidosis There 
were signs of a considerable loss of weight and dehydration He had an infection 
of the upper respiratory tract, and there was a furuncle over the right eye No 
other abnormal physical findings were noted The edge of the liver could not be 
palpated It ivas recorded that the hepatic dulness extended for 11 cm above the 
right costal margin At the time of the patient’s admission to the hospital the sugar 
content of the blood was 480 mg per hundred cubic centimeters, carbon dioxide- 
combining power was 44 7 volumes per cent and the cholesterol content was 
214 mg Some difficulty was experienced m regulating the diabetes However, alter 
thirteen days his condition was considerably improved, and he was discharged 
on a diet of carbohydrate 100 Gm , protein 100 Gm and fat 200 Gm , with 30, 30 
and 20 units of insulin per day 

In September 1933 the patient returned to the outpatient clinic, and urinalysis 
revealed a 4 plus reaction for sugar and a 2 plus reaction for diacetic acid He 
admitted having difficulty in following his diet, which was then changed to carbo- 
h\ drate 140 Gm , protein 70 Gm and fat 150 Gm per day 

From the Department of Pathology, the Department of Biochemistry and 
the Department of Medicine, Duke University School of Medicine, and Duke 
Hospital 
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He was not heard from again until his final admission to the hospital He had 
not kept to his diet, and for two or three months he had felt that the diabetes was 
becoming worse He was losing weight and taking larger doses of insulin On 
the rare occasions when he examined his urine it invariably gave a 4 plus reaction 
for sugar 

Six days before his final admission to the hospital he had what appeared to be 
a digestive upset, with nausea, vomiting and abdominal cramps In spite of weak- 
ness, dyspnea and fatigue, he continued to work, and he was finally brought to the 
hospital in profound acidosis, with circulatory collapse bordering on a state of 
shock He was in severe respiratory distress and was markedly dehydrated and 
stuporous The edge of the liver was palpable 8 cm below the right costal 
margin No other significant physical findings were noted 

The urine contained 5 per cent sugar and large amounts of ketones The 
carbon dioxide-combining power of the plasma was 17 4 volumes per cent The 
sugar content of the blood ten hours after the patient’s admission to the hospital 
was 320 mg per hundred cubic centimeters In spite of the administration of insulin 
and caffeine and of fluids and dextrose intravenously, the patient died twehe hours 
after entry 

Gioss Postmof tcm Examination (Nine Hows Aftei Death) — The liver 
extended 9 cm below the right costal margin and weighed 2,700 Gm The surface 
was smooth The cut surface was waxy yellow and swollen Each of the kidneys 
weighed 220 Gm and had a smooth surface On the cut surface pronounced yellow 
striations were noted in the region of Henle’s loop The heart weighed 250 Gm 
i^and showed no hypertrophy or dilatation The valves appeared normal The 
pancreas weighed 100 Gm and showed no gross abnormality The adrenal and 
thyroid glands showed normal size and consistency Permission to open the 
cranial cavity was not granted 

Mici oscopic Postmortem Examination — The hepatic cells were greatly enlarged, 
and the cell membranes were fairly w'ell outlined with eosin (fig A) The cyto- 
plasm was packed with fine granules Some of the nuclei were enlarged and had 
a ringlike appearance A few of the hepatic cells immediately surrounding the 
central veins were vacuolated There was no congestion, cirrhosis or hemo- 
chromatosis In the kidneys the epithelial cells of the loops of Henle were large, 
pale and vacuolated There was also slight vacuolation of the epithelium of a 
few convoluted and collecting tubules There was no vacuolation of the muscle 
fibers of the heart or voluntary muscle The islands of Langerhans and the 
adrenal and thyroid glands appeared normal 

Pieces of liver, kidney and myocardium, after being left in a dilute solution of 
formaldehyde U S P (1 10) for two months were dehydrated with absolute 
alcohol, mounted m pyroxylin and stained with Best’s carmine for glycogen The 
great distention of the hepatic cells was due to the presence of large amounts of 
glycogen within the cytoplasm (fig B) The cells nearest the central veins con- 
tained somewhat less glycogen than those nearer the portal areas There was also 
some glycogen in the rmglike nuclei The vacuolated epithelium m the loops of 
Henle of the kidney contained large amounts of glycogen, and the epithelium of 
the convoluted and collecting tubules contained smaller amounts The myocardium 
contained no glycogen After the tissues had been preserved m a modified Kaiser 
hng no 3 solution i for eighteen months, more sections were taken, dehvdrated 

1 An aqueous solution of sodium acetate 1 per cent , glvcerm, 2 per cent, and 
a dilute solution of formaldehyde U S P (1 100) 




A, photomicrograph of a section of the luer The granules of glycogen in the 
cytoplasm have been dissohed out, giving the cells a vacuolated appearance Hema- 
toxylin and eosin stain B, hepatic cells packed with many fine granules of glyco- 
gen Best’s carmine stain 
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with absolute alcohol and mounted and stained for glycogen as before The liver 
and kidneys still contained large amounts of glycogen, although the quantit} 
appeared reduced 

Frozen sections of heart, Iner and kidneys from formaldehyde-fixed tissues 
were stained with scarlet red and hematoxylin The hepatic cells immediateh 
surrounding the central veins contained small amounts of fat The heart and 
kidneys contained no fat 

Anato7mc Diagnosis — The diagnosis was hepatomegaly and abnormal storage 
of glycogen m the liver and kidneys (historj' of severe diabetes mellitus and death 
111 acidosis) 

Chemical Studies — ^\¥hen examined two months after autopsy the preset ving 
fluid appeared milky A qualitative test for glycogen by the iodine method was 
strongly positive On the addition of 95 per cent alcohol to the fluid a white 
precipitate resulted After acid hydrolysis of the precipitate a positive reaction 
to the Benedict test was obtained With phenylhydrazine, typical dextrosazone 
crystals were formed 

After eighteen months in the Kaiserling solution portions from different areas 
of the liver were taken for the determination of the glycogen content by the method 
of Good, Kramer and Somogyi ^ The average of six determinations was 3 18 per 
cent, with a variation between 3 09 and 3 56 per cent The fluid content varied 
between 71 and 72 per cent, averaging 71 6 per cent Hence, the average glycogen 
content per hundred grams of dry liver was 112 Gm The glycogen content of 
the kidney was 0 22 per cent for wet tissue, or 0 76 per cent for dr} tissue 

COMMENT 

The usual postmoitem obseivations on patients with untieated 
diabetic coma include an inci eased deposition of glycogen in the nuclei 
of the hepatic cells, in the heart muscle and in the convoluted tubules 
of the kidney, with depletion of glycogen in the skeletal muscle, skin 
and cytoplasm of the hepatic cells ’ 

Our patient had severe diabetes and died in acidosis, yet large 
amounts of glycogen weie demonstrated in the C3doplasm of the hepatic 
cells and the liver was enlaiged Model ate amounts were present in the 
nuclei of the hepatic cells and m the tubular epithelium of the kidne)'S, 
none was present in the skeletal muscle or mjocaidium 

The inciease in the size of the livei in diabetes has been asciibed 
to infiltiation of fat, ciirhosis and chronic passive congestion In our 
patient the enlargement must have been due to a massive deposition 
of glycogen m the hepatic cells Unfoitunately, the available data aie 
insufficient to enable us definitely to explain the piesence of the exces- 
sive amount of gl3fcogen in the livei, although two lines of reasoning 
are open 

2 Good, C A , Kramer, H , and Somogyi, M The Determination of Gb - 
cogen, J Biol Chem 100 485, 1933 

3 Warren, Shields The Pathologv of Diabetes Alellitus, Philadelphia, Lea 
&. Febiger, 1930 
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There is the possibility that our patient had glycogen storage disease 
(von Gierke and survived to young adulthood, when diabetes devel- 
oped Von Gierke’s disease has been described as occuriing in infancy 
and childhood and is characterized by early enlaigement of the abdomen, 
due to storage of excessive amounts of glycogen, with marked hepato- 
megaly The glycogen is remarkably stable, as shown by its slow 
response to epinephrine and in the delayed postmortem glycogenolysis ^ 
The heart and kidney, too, may be the sites of storage of glycogen ° 
Also characteristic are hypoglycemia with ketosis during fasting, a 
flat, prolonged dextrose tolerance curve and unusual sensitivity to 
insulin Tests of this nature had, of course, never been made in this 
case 

Painas and Wagnei ‘ reported a case which, m the light of oui 
piesent knowledge, was piobably one of glycogen storage disease in 
which diabetes developed Gjuric ® recently repoited two cases in 
females that fall into this category, one patient being aged 12 and the 
other 25 These patients at the time of the lejioit required only small 
doses of insulin 

In oui case theie was no childhood histoiy of abdominal enlaige- 
ment, and hepatomegaly was not noted at the time of the patient’s 
first admission to the hospital It is possible that hepatomegaly was 
missed, but this is rather unlikely, since the examiner recorded even 
the upper margin of hepatic dulness 

The presence of glycogen m the tubulai epithelium of the kidney 
IS of no assistance in the diagnosis of glycogen storage disease, because 
it is fiequently present also in diabetes melhtus 

The second line of reasoning has to do with the effects of insulin 
on the deposition of glycogen in the liver That the glycogen content 
can be raised to normal in the liver of a diabetic patient by the use 
of insulin IS generally agieed,® but that excessive amounts can so be 

4 von Gierke, E Hepato-Nephromegalia glykogenica, Beitr z path Anat 
u z allg Path 82 497, 1929 

5 van Creveld, S Investigations on Gb'cogen Disease, Arch Dis Childhood 
9 9, 1934 

6 Huniphre 3 'S, E A , and Kato, Katsuji Glvcogen-Storage Disease, Am J 
Path 10 589, 1934 

7 Wagner, R , and Parnas, J K Ueber eine eigenartige Storung des Kohl- 
enhydratstoffwechsels und ihre Beziehungen zum Diabetes melhtus, Ztschr f d 
ges exper Med 25 361, 1921 Parnas, J K , and Wagner, R Beobachtungen 
uber Zuckerneubildung, Biochem Ztschr 127 55, 1922 

, Glycogen Storage Disease in Diabetes Melhtus, Casop lek 

cesk 74 514 (May 10) 1935 

9 Joslin, E P The Treatment of Diabetes Melhtus ed 5 Philadelphia 
Lea & Febiger, 1935 Warren ^ 
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stored has not been proved Wilder, Allan, Powei and Robertson^® 
repoited that the 3,300 Gm livei of a patient with hyperinsuhnism due 
to carcinoma of the islands of Langerhans contained 8 25 pei cent 
glycogen These obseiwations indicate that the liver of a nondiabetic 
subject ma)'' store glycogen m excess under the influence of large 
amounts of insulin, here produced by the tumor and its metastases In 
our case the histoiy suggested that the amount of insulin taken, together 
with a diet high m carbohydrate, might have resulted m changes similai 
to those noted by Wildei and his associates A survey of the other 
cases of spontaneous hypoglycemia that have been reported has revealed 
no lecord of enlargement of the liver Hanssen noted enlargement 
of the liver m a few young patients who had diabetes that was difficult 
to control and who had received large amounts of insulin In these 
patients the size of the hvei returned to normal after regulation with 
a diet lowei m carbohydrate Infiltration of the liver with fat was 
assumed to have caused the enlargement, but no biopsy data were given 
to confirm that point 

In our case the enlargement of the hvei and the persistence of 
3 18 per cent glycogen m the hepatic tissue after eighteen months in 
an aqueous preserving fluid (which had extracted a considerable quan- 
tity) suggest that an exceedingly laige amount of glycogen must have 
been present at the time of death oi that some type of hepatic fixation 
of glycogen was present Unfoitunately, the special clinical and post- 
mortem tests that might have confirmed oi disproved the latter possi- 
bility were not earned out 

SUMMARY 

Hepatomegaly associated with the stoiage of a laige amount of 
gh cogen was noted m a diabetic patient who died m acidosis Two 
possible explanations for this unusual condition are considered first, 
this was a case of glycogen storage disease (von Gieike) m a subject 
who had suivived to young adulthood, when diabetes developed, and, 
second, the glycogen was stoied m the hvei under the influence of 
large doses of insulin plus a high intake of carbohydrate 

10 Wilder, R M , Allan, F N , Power, M H , and Robertson, H E Car 
cinoma of the Islands of the Pancreas, J A M A 89 348 (July 30) 1927 

11 Hanssen, P Enlargement of the Liver in Diabetes Melhtus, JAMA 
106 914 (March 14) 1936 



CHLOROMA 


REVIEW OF THE LITERATURE FROM 1926 TO 1936 AND REPORT OF 

THREE CASES 

ERNESTINE V ICANDEL, MD 

CHICAGO 

A chloroma is any tumor which has a gieen color in the fiesh state 
Lehndoiff in 1910 tabulated the data for the sevent}' -three cases of 
chloroma which had been repoited up to that time In 1926 Brannan 
summarized seventy-foui repoits of cases which appealed fiom 1910 
to 1926, of which fifty-six were definitely cases of chloioma, the others 
being dubious examples This present report brings the literature of 
chloroma up to date The “Quarterly Cumulative Index Medicus” lists 
sixty-six refeiences to papers, pui porting to desciibe about eighty cases 
Thirteen of these ai tides were not available for study, and twelve of the 
indexed papeis did not concern chloroma Of the fifty-eight cases 
summarized in table 1 (including three leported here foi the fiist time), 
foity-six weie unquestionable, while m ten cases theie was a complete 
clinical syndrome of ci anio-orbital tumor with leukemia, but no autopsy 
01 biopsy- was made in which the coloi of the tumor was noted In the 
othei two cases there was the classic syndrome, with gieenish tissue 
visible ante moitem, but no neciopsy was made To be stiictly academic, 
then, the present tabulation adds foit 3 ^-six cases to the one hundred and 
twenty nine aheady reported 

Lehndoiff ’s study showed that in fifty-six cases the condition was 
consideied to be of lymphoid origin and in seventeen of myeloid oiigiii 
Biannan stated that in forty-nine of the cases which he studied the 
oiigin was definitely myeloid Buigess stated as his conviction that in 
all cases of chloroma the condition is of myeloid oiigin Askanazy 
offered a similar view Cuiient textbooks vaiy as to the opinion given 
MacCallum, Naegeli, Aschoff and Ewing have described both myeloid 
and lymphoid forms Malloiy, Karsiier, Wells, Piney and Boyd have 
stated that the process is always myeloid, although Bo}d said he was 
not convinced that the myeloblast is the lesponsible cell In fifty of the 
cases consideied m this paper the condition was said to be of myeloid 
oiigin, and in only five of the indubitable examples was it stated to be 
of lymphoid origin The basis for this statement was always that the 
laige mononuclear cells m the blood and in the tumois were called 

Douglas Smith Fellow, the Department of Hematology of the University of 
Chicago 
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lymphoc 3 '^tes or lymphoblasts and the leaction of the tissues foi per- 
oxidase (if studied) was negative 

The clinical features of the cases reported weie as piotean as the 
histologic material was specific The gieen tumoi was observed invad- 
ing all parts of the body, and the vaiiety of the involvement was 
lesponsible for the diveise clinical symptoms Two mam clinical tj^pes 
occuried, however One was the so-called classic syndiome, m which a 
rapidly gi owing oibital tumoi m a child resulted in profound proptosis 
Associated with this were varying degiees of cranial tumefaction, 
1} mphadenopathy and grossly noticeable involvement of othei bones 
Rapidly inci easing, inti actable anemia was fiequently noted, and many 
of the papeis lecorded eiythioc}i:e counts of less than 1,500,000 Splenic 
enlargement was not frequent, and a hemoiihagic diathesis was lare 
The othei type tended to occur in oldei patients and consisted of a lapid 

T^bie 2 — Suiiiiiw)v of Data 

^umbc^ o£ Cases 


Males 

3S 

Females 

20 

Over 18 yeais old 

15 

Less than 18 years old 

43 

Leukocytes less than 0,000 

8 

6,000 to 15,000 

13 

Over 15,000 

31 

Leukemic blood 

50 

Normal blood 

3 

Diagnosis of myeloid leukemia 

30 

Diagnosis of lymphoid leukemia 

6 


decline m the patient’s stiength, piofound anemia, vaiying amounts of 
osseous pain and gloss bony enlargement and usually enlaigement of 
the lymph nodes and spleen Eight patients had leukocyte counts of less 
than 6,000 and three (Stiasser, Reitano, Kandel, case 1) showed 
leukopenia (less than 2,000 leukoc}i;es) In these cases neciotizing 
angina, stomatitis with bleeding and cerebial hemoirhage, respectively, 
occurred 

The common clinical feature in all these cases was the leukemia, 
with the exception of thiee cases (Rothschild, Bamforth and Edwaids, 
case 1 , Lecene) in which the leukocyte count was lepoited as noimai 
The leukoc 3 i:e count vaiied fiom 299,000 (Kandel, case 2) to 310 
(Strasser) , and m the majority of cases a diagnosis of myeloid leukemia 
was made In geneial, the peicentage of myeloblasts was about 50, 
vith extremes of 0 and 97 per cent (Feei, case 4) One patient (Levi 
and Laff ) had 92 per cent myeloc 3 des and no m 3 '-eloblasts , anothei was 
unique m displa 3 mg 49 per cent eosinophils (Seemann and Sajzewa) in 
the peripheral blood Fiequentl 3 ’’ the difterential count was described 
as consisting of primitive cells, undiffeientiated cells, hematogonium 
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and hemolnstioblasts (Gandolfo) On the stained films the anemia 
^^as apparent, and many nucleated and 3 mung eiythrocytes were seen 
Lecene's case was unusual the patient had a tumor of the humeius, 
which when excised was said to be a myelocytic chloroma The blood 
was noimal The patient was given loentgen theiap}'’, and he was living 
and well two yeais later Only one other patient survived for as long 
as that, Washburn’s patient — a 22 month old boy A gieen tumor 
diagnosed as a myelocytoma was excised fiom the skull, and anothei 
tumoi in the femui was tieated with roentgen rays The blood is 
repoited as having been questionably leukemic before therapy was 
started and as becoming normal afteiward This boy was living and 
well two and one-half yeais later The lemamder of the patients died 
rather promptly, few suiviving for eight months aftei the symptoms 
appeared 

Many diffeient teims weie employed m desciibmg these cases, but 
the majoiity of authois (the best usage) called the classic syndrome 
111 childien chloioma The older patients with classic myeloid leukemia 
clinically and gieen tumoi s at necropsy were designated as having 
chloroleukemia The leukemia was usually called acute myeloid oi 
myeloblastic , although m oidmary usage the term acute is reset ved 
for conditions m which the blood contains in excess of 90 per cent 
myeloblasts and which are of short duration Certainly, the brief 
duration of life in most of these cases of myeloid leukemia justifies 
a diagnosis of acute myeloid leukemia 

Other laboiatoiy studies weie not relevant, except that only one 
author (Gandolfo) lepoited the piesence of Bence-Jones’ proteose in 
the uiine, although many reported its absence The calcium and plios- 
phoius contents of the serum were generally noimal, and the phospha- 
tase content was nevei determined Treatment was vaiied but was 
mostly supportive and symptomatic Several of the German writers 
leported injecting neoarsphenamme to no avail If roentgen therapy 
was used, the patient’s condition generally became worse This is just 
what happens in acute myeloblastic leukemia, and the bad lesult m 
chloioma helps justify calling the leukemia acute in the absence of 
the usual hematologic ciiteiion One patient (Kandel, case 2) was 
given roentgen theiapy and died a month later, after a lapid decline 
The same happened in seveial other cases and was especially striking 
in one case (Doub and Hartmann), in which the leukocyte count fell 
fiom 24,500 (83 pei cent myeloblasts) to 1,150 in two days 

The loentgenologic examination yields vaiiable results In young 
children the only finding may be a sepaiation of the cranial sutuies 
(Cohen, 1924) Periosteal elevation is probabl}^ the most common 
finding and may give eithei of two appearances It may be lamellated 
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and lesemble scurvy oi, if ossification is occuriing, Ewing’s tumor, 
or there may be radiating spicules of ossifying material perpendicular 
to the shaft, in which case it lesemhles osteogenic saicoma There 
may be simply a geneiahzed osteopoiosis, or theie may be multiple 
punched-out, fuzzy or shaip osteal} tic lesions (Bamforth and Edwards, 
Doub and Hartmann), usually in the diaphysis and in the skull, and 
then the resemblance to multiple myeloma oi metastatic carcinoma is 
striking Massive rarefactions have been desciibed (Washburn) Alli- 
son, and Doub and Hartmann have given good desciiptions of the 
1 oentgenographic pictuie The rather high incidence of bony involve- 
ment, when looked for, is in striking contrast to the situation in myeloid 
leukemia, in which Ciaver leported but one example of an osseous 
lesion in a series of eighty-two patients The same paper leports a 
7 pei cent incidence of osseous lesions in lymphoid leukemia The 
lesions in either type are indistinguishable from those leported in 
chloioma, a fact emphasized by Clark 

The diffeiential diagnosis vanes with the clinical pictuie In the 
classic cram 0-01 bital syndrome, without changes in the blood, othei 
malignant growths of the orbit and cranium, Mikulicz’ disease and 
osteomyelitis and abscess must be consideied Cohen (1934) repoited 
a case of oi bital lymphoma in a 65 year old man who had chionic 
lymphoid leukemia The tumor was not green, and the course was 
slow AVith roentgenographic evidence of bony involvement and no 
changes in the blood, the conditions referred to in the previous para- 
giaph must be considered, as well as the essential xanthomatoses in 
which theie is splenomegaly as well The differentiation will eventually 
be histologic, multiple myeloma being composed of plasma cells and 
the other diseases showing specific lesions If, however, a patient has 
myeloid leukemia and bony and orbital tumors the diagnosis of chloi- 
oma IS probably correct 

Pathologically, when careful histologic studies are made with appro- 
pi late stains, the observations are specific The tumors are eithei 
myeloblastomas or myelocytomas Depending on which cell type pie- 
dominates, the reaction for oxidase will be negative or positive (t)pical 
myeloblasts contain no specific granules to give the reaction for peroxi- 
dase) However almost any such tumoi will have enough pi omyelocytes 
01 myelocytes with typical gianulations to make diagnosis possible with 
stains for pei oxidase These tumors are composed of large anaplastic- 
appearing cells, with little stioma, no leticuhn and fair vasculaiity 
Theie aie seldom legions of eiythioblastic activity, although biops} 
of one tumoi (Castana) was described as showing eiythiomyeloblastonia 
Active imasion of suriounding stiuctures is piominent The tumoi 
and infiltrations are diiectly continuous eithei with a subpei losteai 
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accumulation oi with a metaplastic lymph node This i elation to bone 
IS sti iking in the skull and in the thoiax In the skull, which is involved 
in 73 per cent of cases (Rothschild), the gieen mass is seen to be 
adherent to the sutuies, glowing over, under and into the dura, the 
paranasal sinuses and the orbit, and infiltrating the nerves, scalp, sclera, 
choroid (Cohen, 1924) and subcutaneous tissues In the thorax theie 
aie almost always laige sheets of tumoi adherent to and growing fiom 
the under surface of the sternum, through the pleura, into muscles 
In one case (Quincke) theie weie extension into the myocaidiuni and 
almost complete stricture of the pulmonaiy artery with tumoi tissue 
Along the vertebial column a gieen tumor from the periosteum and 
the lymph nodes may invade the neuial canal, neives, erectores spinae 
muscles, fill the pelvis and infiltrate the o^arles The bone marrow 
may oi may not be green tinged and in general is not It is usually 
hyperplastic, gelatinous and grayish and may be almost liquid The 
histologic picture is typical of myeloid leukemia of an acute variet)’’, 
with myeloblasts predominating Lymph nodes show only mfiltiation, 
as does the spleen, the follicles in either cases showing no prolifeiation 

When the central nervous system is involved it is usually by piessiue 
01 by obliteration of the blood supply, with lesulting neciosis Plugs 
of myeloblasts and myelocytes have been described (Cntchley and 
Gieenfield) in the vessels of the cord, and perivascular cuffing when 
piesent is accomplished by similar cells Discrete tumors in the neuial 
tissues have not been desciibed The infundibulum and choroid plexuses 
of the ventricles weie green and mfiltiated in one of the cases desciibed 
by Cntchley and Greenfield, but extension into the white matter had 
not occurred The invasion of the neural canal frequently pioduces 
transverse myelitis, and thrombosis of the arteries may cause extensive 
ischemic necrosis Rothschild’s patient showed signs of a focal cerebiai 
lesion When decompression was pei formed a green tumor was 
levealed Krumbein’s patient had mastoiditis and showed signs sug- 
gesting thiombosis of the lateral sinus and meningitis Mastoidectomy 
disclosed green tumor in the cells, and autopsy revealed more in the 
cianial cavity Sections frequently showed marked mfiltiation of the 
peripheial nerves, probably a potent source of the pain from which 
so many patients suficeied 

The spleen and the Inei rarely contain green tumoi tissue, but 
the kidneys seldom fail to ha\e it, diffusely or in nodules The gieen 
tumor IS generally located m the coitex The panel eas usually escapes, 
as do the adienal glands and the bladdei The ovaries aie frequently 
giotesquely enlaiged by the chloioma Peyei’s patches of the gastro- 
intestinal tract aie never lepoited as green In all these oigans the 
usual gray leukemic mfiltiation may be seen The pathologic picture. 
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then, IS that of true neoplasia in eveiy respect, with the proliferating 
cells myeloblasts and myelocytes The diffeience fiom ordinary leu- 
kemia is the tendency of the mfiltiations to act as metastases do and 
spread locally and destructively The type of invasion, except for its 
close relation to bones and its inevitable periosteal involvement, closely 
resembles grossly that seen in lymphosarcoma 

Case 1 — A 22 year old white woman, a student, of Swedish ancestrj^, was first 
seen in the medical clinic of the University of Chicago on klarch 3, 1933 Her 


Table 3 — Blood Counts in Case 1 


Date, 1933 

Hemoglobin, % 

Prj tbrocj tes 

Leukoeytes 

Platelets 

3/ 3 

39 

1,610,000 

2,100 


3/20 

32 

1,630,000 

3,400 

176,000 

3/21 

2S 

1,580,000 

1,000 

160,000 

3/22 

oO 

1,400,000 

1,600 

120,000 

3/23 

30 

1,580,000 

1,280 


3/24 

39 

1,600,000 

3,000 

130,000 

3/25 

40 

1,400,000 

1,200 


3/27 

oO 

1,480,000 

1,280 

108,000 

3/28 

32 

1,520,000 

1,800 


3/30 

24 

1,400,000 

1,200 


3/31 

24 


1,080 

116,000 

4/ 1 

^2 

1,230,000 

900 

112,000 

4/ 2 

20 

1,180,000 

1,200 

22,000 



Table 4 — Diffcienttal Leukocyte 

Counts 

m Case 1 





Pro 


Meta 

Poly 




Mj elo 

mj elo 

Mj elo 

mj elo 

morpho Dympho 

Mono 

Date, 1933 

blasts 

cj tes 

cjtes 

ej tes 

nuclears 

cytes 

cjtes 

3/ 3 

39 

1 



12 

42 

6 

3/20 

38 

2 


3 

12 

45 


3/21 

30 

4 



8 

58 


3/22 

40 

2 

1 

6 


50 

1 

3/2„ 

30 

3 

1 

1 

10 

OO 


3/24 

25 

4 

2 

5 

14 

50 


3/25 

20 

6 

3 

4 

10 

57 


3/2/ 

39 

4 

7 

5 


45 


3/2s 

35 

2 

2 

2 

8 

SO 

1 

SIS3 

30 

2 



12 

54 

2 

3/31 

34 

0 

5 


20 

30 

5 

4/ 1 

26 

(> 

4 

2 

27 

27 


4/ 2 

22 

10 

7 

8 

17 

34 

3 


complaints were of pallor and weakness for four months Two months prior to 
her admission to the clinic she had been sick in bed for four weeks, with a sore 
throat, followed by pain in both legs and m the back and a low grade fever In 
the month prior to her admission to the clinic she had been failing rapidly The 
past history was otherwise noncontributory The menses were normal, and the 
patient had never been pregnant Physical examination showed marked pallor, no 
petechiae, a pulse rate of 100, a barely palpable liver and a small retinal hemor- 
rhage The blood pressure was 114 systolic and 70 diastolic The blood counts 
are listed in tables 3 and 4 Hospitalization was advised but not accomplished 
until February 20, when the patient had become much sicker On her admission 
to the hospital there w'ere more retinal hemorrhages, and the pallor was more 
striking The course in the hospital was rapidly down hill, with an increasing 
<emperature, show’ers of petechial hemorrhages, vaginal bleeding, stomatitis and 
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ambb'opia Treatment was supportive, including blood transfusions The patient 
died on April 3, approximately five months after the onset of the illness 

Gj OSS Postmoitcm Examtnatwn (by Dr P R Cannon) — The liver was of 
normal size, weighing 1,200 Gm It was flabbj', and the capsular surfaces were 
smooth Cut surfaces were brown, with indistinct lobular markings There was 
no visible leukemic infiltration The spleen was firm and weighed 160 Gm It 
had a smooth purple capsular surface, with prominent follicles on the cut surface 
The lymphoid follicles of the gastro-intestmal tract were not enlarged The kidneys 
weighed 110 Gm each and contained no gross leukemic infiltration The ovaries 
were enlarged (8 by 7 bj’' 4 5 cm), hyperemic and hemorrhagic and contained 
numerous cysts The cut surface showed that the organs were composed mainty 
of solid tissue the color of which was somewhat obscured by blood The abdominal 
periaortic lymph nodes were diffusel}’^ enlarged and brownish green These nodes 
extended up past the celiac axis In the retroperitoneal tissues contiguous to the 
broad ligaments, particularly on the left, were large greenish gray nodes The 
mesenteric lymph nodes were normal The lungs were contracted and pinkish 
gray, with small patches of greenish tissue adherent to the visceral pleura of each 
apex The heart was normal, as was also the skeletal musculature The bodies 
of the third and fourth lumbar vertebrae contained a slightly greenish, gelatinous 
bone marrow, and similar marrow was seen in the ribs and sternum Anteriorly, 
along each side of the vertebral column, greenish gray tissue was seen 

Histologic Examination — The lymph nodes showed moderate hyperplasia of 
the reticular elements but not of the lymphoid follicles The spleen showed hyper- 
plasia of the red pulp, with many histiocytes enlarged and prominent There was 
no conspicuous myelopoiesis, and the follicles were compact The ovaries were 
almost completely replaced by a growth of neoplastic mononuclear cells with pale 
nuclei, prominent nucleoli and nongranular cytoplasm There was no reticuhn 
but much rhexis Mitotic figures were frequent These cells were identified as 
myeloblasts The pelvic fat was infiltrated with these tumor cells, as were the 
nerves and skeletal muscle, in which there was also necrosis The retroperitoneal 
(green) lymph nodes were completely replaced by tumor cells There W'ere no 
leukemic foci in the liver or kidneys There was moderate hyperplasia of the 
lymphoid tissue in the intestines, and extension of the neoplastic tissue into the 
serosa was noted The bone marrow was markedly hyperplastic, with many 
myeloblasts, which w'ere readily identifiable by comparison as the tumor cells 
The sections were characteristic of myeloid leukemia of an acute type 

Case 2 — A 25 year old white man, of American ancestry, was first seen in the 
medical clinic of the University of Chicago on Aug 15, 1934 His complaints 
were of pain in the hips, swelling of the angles of the jaw and loss of 20 pounds 
(9 Kg ) within the past six weeks His past and family histones were irrelevant 
On examination pronounced pallor and cervical lymphadenopathy were obvious 
The pulse rate was 108, the temperature 100 F and the blood pressure 130 systolic 
and 70 diastolic In the ocular fundi were hemorrhages and leukemic infiltration 
The liver was palpable and smooth, 5 cm below the margin of the ribs on the 
right The spleen was palpable 7 cm below the left ribs, neither the liver nor 
the spleen was tender A few small axillary and inguinal nodes could be felt 
Roentgenograms displayed small diffusely scattered infiltrative lesions in the apex 
of the left lung and subclavicular area The patient entered the Billings Hospital 
on August 17 for roentgen therapy because of enlargement of the spleen and 
leukocytosis (see tables 5 and 6 for the results of the blood counts) In the next 
seven days he received a total of 1,185 roentgen units over the cervical nodes, spleen 
and right hip He was discharged on August 27, feeling much better He was 
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seen on September 6 m the hematologic clinic He was feeling stronger and 
■was given solution of potassium arsenite On September 13 the temperature was 
102 F and the pulse rate 128, and the patient had a bad cold and cough Rest in 
bed was ordered, but the cough became worse He was readmitted to the hospital 
on September 19 in a moribund condition He died the next da>, approximatelv 
three months after the onset of symptoms 

Gloss Postmoitem Examimhon (by Dr E Humphrej^s) —There was a 
moderate amount of blood-tinged fluid in the pleural and pericardial cavities 
Numerous petechial hemorrhages and suggillations were seen in the parietal peri- 
cardium and the epicardium The heart was flabbv, and the foramen o\ale was 

Table 5 — Blood Counts in Case 2 


B, 1934 

Hemoglobin, % 

8/16 

51 

8/17 

48 

8/18 

50 

8/19 

46 

8/20 

46 

8/21 

48 

8/22 

43 

8/23 

52 

8/24 

54 

8/25 

50 

8/26 

47 

8/27 

51 

8/28 

49 

9/ 6 

48 

9/13 

44 

9/19 

9/20 

28 


Erj throcj tes 

Leukocytes 

Platelets 

2,580,000 

276,000 

260,000 

2,980,000 

248,000 

2,370,000 

203,000 


2,040,000 

121,000 


2,450,000 

91,800 


2,430,000 

115,000 

68,600 


2,000,000 


2,650,000 

79,000 


2,630,000 

75,000 


2,410,000 

47,800 


1,610,000 

35,000 


2,450,000 

31,000 

23,200 

50,000 

2,710,000 

43,000 


2.377.000 

1.470.000 

113,000 


157,400 

299,000 



Table 6 — Diffet entml Leukocyte Counts m Case 2 




Pro 


Meta 

Poly 




Mjelo 

mjelo 

Myelo 

myelo 

morpbo 

Lymph 0 

Mono 

te, 1934 

blasts 

cjtes 

cytes 

cytes 

nuclears 

cytes 

cytes 

8/16 

12 

6 

4 

12 

45 

8 

13 

8/20 

7 

8 

4 

16 

52 

2 

11 

9/ 6 

s 

6 

4 

15 

43 

9 

15 

9/13 

9 

16 

12 

20 

29 

8 

7 

9/19 

20 

13 

4 

9 

38 

5 

11 

9/20 

13 

11 

14 

27 

25 

3 

7 


patent “Thrush breast” mottling of the endocardium and gray leukemic mottling 
of the myocardium were noted The liver was large (2,250 Gm ) and firm, with no 
definite gross infiltration The spleen was moderately firm and weighed 710 Gm 
The cut surface wms mottled brownish red The gastro-intestinal tract displayed 
petechial hemorrhages and distinctly enlarged Peyer patches The kidneys were 
large (290 and 220 Gm , respectively) , and showed diffuse, nodular greenish 
infiltration of the cortex This green tumor was estimated to replace fully 60 per 
cent of the cortex of one kidney The lymph nodes were variable the cervical 
nodes w'ere not enlarged, rvhile the tracheobronchial nodes were prominentlv 
enlarged and had a mottled gray-green cut surface, especially peripherally The 
peripancreatic and periaortic and mesenteric nodes w^ere enlarged and greenish A 
blood clot from the portal vein was greenish red The bodies of the lumbar rer- 
tebrae had marrow' the color of which resembled that of the Ivmph nodes greenish 
grar , w ith scarcely a tinge of pink The marrow of the upper third of the femur 
was greenish grar, soft and abundant The marrow' of the ribs W'as scantv, senii- 
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liquid and greenish When the periosteum was stripped from the sacrum, iibs 
and vertebral bodies a paper-thin lajer of greenish tissue was seen loosely 
adherent to the bone 

Histologic Examnnation — The bone marrow was a solid tissue with few fat cells 
and was made up chiefly of myeloid tissue The predominant recognizable cells 
were of the leukoblastic senes, and immature forms were more numerous than 
mature cells In many regions the predominant cells were myeloblasts In many 
regions the proportion of eosinophils was high, and most of the cells were myelo- 
cytes One striking feature was the absence of typical megakaryocytes from the 
marrow The spleen was packed with cells of the type seen in the marrow, with a 
few small hemorrhages and numerous hemosiderin-filled phagocytes The liver 
contained a few small leukemic infiltrations about and in the triads The lymph 
nodes showed varying degrees of leukemic infiltration and obliteration ot the 
architecture In the kidneys there were leukemic infiltrations in the cortex and 
medulla, hilar fat and calices The myocardium contained many small leukemic 
infiltrations about the larger blood vessels In the right atrium was a massive 
hemorrhage disrupting the muscle fibers, which were degenerating The lungs 
had small confluent bronchopneumonia-like nodules composed mostly of immature 
cells In the submucosa of the appendix was marked leukemic infiltration 

Case 3 — This patient was a girl aged 13 years who had been under the care of 
Dr Mane Ortmayer, of Chicago In June 1930 the abdomen began to enlarge 
and in October the cervical lymph nodes became large The girl became sicker 
and weaker and was admitted to the Women’s and Children’s Hospital on March 
23, 1931 The blood count at that time was as follows hemoglobin, 55 per cent, 
erythrocytes, 2,410,000, leukocytes, 24,000, myeloblasts, 5 per cent, promyelocytes, 
9 per cent, myelocytes, 13 per cent, metamyelocytes, 18 per cent, polymoiphonu- 
clears, 40 per cent, basophils, 2 per cent, lymphocytes, 9 per cent, and monocytes, 
3 per cent The patient rapidly became worse, and transverse myelitis, pericardial 
effusion, cardiac decompensation and trophic ulcers developed successively She 
died in April 1931 The last blood count, made on April 4, showed hemoglobin, 
20 per cent, erythrocytes, 2,120,000, and leukocytes, 36,100 At autopsy green 
tumors were noted in the lymph nodes, ovaries, kidneys and bone marrow The 
histologic diagnosis was acute myeloid leukemia (This case will be reported in 
detail later by Dr Ortmayer ) 

These three cases are examples of the second type of chloromatous 
involvement, i e, chloroleukemia The diagnoses duiing life were, 
lespectively, subacute myeloid leukemia with leukopenia, subacute mye- 
loid leukemia and chronic myeloid leukemia Gieen tumor tissue was 
found in all cases at autopsy, and histologically theie was no question 
hut that the piocess was a fairly acute myeloid leukemia All the 
evidence gleaned fiom a study of the cases that have been repoited 
favois the theory that chloioma is always associated with m3'-eloid 
leukemia In well studied cases of charactei istic lymphosarcoma 
(Steinbeig) and so-called leukosaicoma, which may be consideied as 
lymphatic analogues of chloroma, gieen pigmentation has nevei been 
lepoited Buigess said he felt that if the disease is ever of lymphoid 
oiigin, occasional cases in which theie is a blood picture of chronic 
l}mphoid leukemia (i e, many small lymphocytes) should occui This 
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IS not uni easonable, for in the cases lepoited the Wood pictuie vaiied 
all the way fiom profound neutiopenia to that of the most acute 
myeloid leukemia Cases have been lepoited in which the leukocyte 
count was as high as 1,880,000 (Buigess) and in which there weie 
all the characteristics of chronic myeloid leukemia Such a case as 
Burgess described has not been repoited In all the cases described 
as of lymphatic origin the blood contained laige mononuclear cells, with 
nucleoli and irregulai lobulated nuclei, called lymphoblasts, eithei 
because of then extrinsic appeal ance oi because they did not show 
a reaction for peroxidase It is admittedly difficult to dififeientiate 
isolated myeloblasts from lymphoblasts, and the stain for peroxidase 
is of no help, foi neither type of cell has any granules (except the Auer 
bodies, which show a negative leaction for peroxidase) Only b} 
cleat ly identifying less immature cells as of one series oi anothei 
can this reaction be of value The true distinction should be made from 
histologic piepaiations of the marrow and lymph nodes with appropriate 
stains for gianules, such as the Maximow stain In the cases desciibed 
m which the condition was of lymphoid oiigin the desciiption of the 
maiiow and nodes was not specific and could not be consideied as 
convincing 

The gieen pigment is a source of great mteiest It is apparently 
a lipochiome and is said to contain iron The one ceitain featuie is 
that it disappears m about an hour but may be lecalled with hydiogen 
peroxide It is important to remembei that no lymphoblastoma is ever 
gieen pigmented The myeloid neoplasm of the common fowl 
(Mathews) called, curiously, leukochloroma, is not green and is com- 
posed solely of neoplastic myelocytes On the other hand, green myelo- 
c)tomas are leported in man The pigment is ordinarily attributed to 
the myeloblasts and the eosinophils The tumors of the patient with 
eosinophilic leukemia (Seemann and Sajzewa) were no gieener than 
those of any other patient In the three cases leported in detail in this 
paper no study was made of the pigment 

Discussions as to the significance of chloioma are plentiful in the 
hteiature It is generally asserted that chloromas “prove” or suggest 
strongly the close relation, if not the identity, of myelogenous leukemia 
and neoplasms in general The invasive featuie of the chloroma is 
the point emphasized for the argument It has nevei been apparent 
vhy the fact that m)’^eloid cells in classic cases of leukemia do not 
erode bone is considered inferentiall)'^ as evidence against the piesence 
of a neoplasia But such may be the case, for this fact is seized on 
in discussions of chloroma to demonstrate that myeloid cells (which are 
concomitantly causing leukemia and are capable of infiltrating the skin, 
heait and liver and of producing metaplasia in the lymph nodes and 
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si^Icen) aie neoplastic It should be appaient that the myeloid cells, 
specifically the multipotential myeloblasts, m chloroma simply assume 
another idle and become capable of destiuctive invasion and of foim- 
ing or cooperating in the foiming of gieen tumois 

SUMMARY AND CONCLUSIONS 

The hteiatuie on chloioma is leviewed from 1926 to the piesent, 
and tliiee new cases aie lepdfted 

One hundred and sevent 3 "-five indubitable cases of chloioma have 
been repoited in the woild htei attire 

With leceiit impiotements in staining technic and bettei difteien- 
tiation of the acute lymphoid and myeloid leukemias, almost all the 
lecent cases of chloioma have been lepoited as cases of myeloid leuke- 
mia, seveial standard texts to the contraiy 

The inevitable association of chloioma with myeloid leukemia should 
make it obvious that chloioma is simply a variant of myeloid leukemia, 
Avith the multipotential myeloblast assuming the distinctive role as type 
cell of an invasive neoplasm 
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The old idea that the minute volume of blood flowing thiough distal 
parts of the body can be increased by lowering the pressure of the an 
m contact with these parts, which was first utilized therapeutically over a 
bundled years ago, has been revived again recently and, chiefly thiough 
the efforts of Louis G Herrmann, has been applied on a larger scale 
than ever before m the tieatment of occlusive arterial disease of the 
extremities The history of this method, illuminated by voluminous 
quotations and an exhaustive bibliography, the theory on which it is 
based and the modern technic of its application are given in Herrmann’s ^ 
monograph, but many more data bearing on the results of its employ- 
ment must be tabulated before its value and applicability can be ascer- 
tained exactly It is to help satisfy that desideiatum that this leport" 
IS piesented 

METHOD 

We planned to treat each affected extremity for one hundred hours, at the rate 
of five (consecutive) hours daily, by alternately raising and lowering the environ- 
mental pressure 20 and 80 mm of mercury, respectively, four times a minute, 
but it was often necessary to modify this program to comply with various exi- 
gencies In some cases satisfactory results were obtained m less than one 
hundred hours, whereas in others it seemed advisable to continue the treatment 
much longer The five hours per diem were not always consecutive hours Occa- 
sionally treatment was omitted entirely for a day or two, and the individual periods 
of treatment were not infrequently short and irregularly spaced In a few cases 
2 ounces (60 cc ) of whisky \vas given just before each period of treatment, but 
other forms of adjuvant treatment, such as local artificial hyperthermia, active 
vascular exercises and vasodilator drugs, were dispensed with as far as possible 

From the Department of Internal Aledicme, the State University of Iowa 

1 Herrmann, Louis G Passive Vascular Exercises, and the Conservative 
Alanagement of Obliterative Arterial Diseases of the Extremities, Philadelphia, 
J B Lippincott Company, 1936 

2 A preliminary report has appeared (J low’a A'l Soc 25 549, 1935) 
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m order to allow an unobstructed view of the results of varying the environ- 
mental pressure Ulcers were left undisturbed, except for a protects e covering 
Much difficulty was experienced with the crude rubber cuffs which were onginalh 
furnished with the pavaex boot They were often uncomfortable, frequently they 
were so tight or so loose that effective treatment was impossible, and in main 
instances they'' were difficult to apply and remove 

In two years sixty-eight patients received a total of five thousand, nine hundred 
and forty-seven hours of treatment There were thirty-nine cases of arterio- 
sclerosis obliterans, eight of thrombo-angiitis obliterans, twelve of sudden occlusioii 
of a major artery and nine of miscellaneous disorders The selection of cases 
was made purely on clinical grounds, without the employment of a special diagnostic 
procedure of any kind Patients were accepted or rejected strictly on the merits 
in each case, but no patient was refused treatment simply because a good result 
seemed unlikely 

RESULTS 

At the end of thirty hours of tieatinent it was often possible to 
predict what the final lesult would be Rest pain was usually lelieved 
during actual treatment, but frequently it lecuried in the mteivals 
between treatments and in a few cases seemed to be aggravated by the 
treatment Cyanosis was lessened, as a lule Occasionally, relief of pam 
lesulted without an appreciable change in the degree of cyanosis Inter- 
mittent claudication proved rather refractory Partial lelief was obtained 
often but complete relief rarely Small chronic ulcers became less pain- 
ful and tended to heal slowly Neither frank gangrene noi complicating 
osteomyelitis was affected The presence of even large varicose A^eins 
did not interfere with the tieatment oi its lesults In patients who 
responded most favorably, sweating increased, the skin became pink, 
the temperatuie of the skin rose and pain and paiesthesia disappeared 
As it is impoitant not to overrate a method which is still in the experi- 
mental stage, we have giaded our results as conservatively and judi- 
ciously as possible 

Ai to loscle? osts Oblitoans — Tables 1, 2 and 3 present the essential 
data m this group of thirty-nme cases Our policy at first was to test 
the method wholly without prejudice This explains the inclusion in 
table 3 of cases in which the likelihood of securing beneficial results 
from conservative methods of treatment was extremely small The 
number of failures was theiefore somewhat larger than it would be 
under ordinary circumstances It should be noted that absence of the 
posterior tibial pulse was a conspicuous feature in the cases in which 
poor results were obtained and that diabetes melhtus bore no relation- 
ship to the outcome of the treatment 

Tilt oinho-Angutis Ohhteians — Table 4 epitomizes the data in 3 
group of eight cases Only tw'o patients (25 per cent) obtained much 
relief 
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Tabjl 4 — Data in Cases of Thi ombo- Angiitis Oblifeiaiis 
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Sudden Occlusion of a Majoi Aiteiy — Although this is not a pio- 
gressive obhteiative process and a patient may recover unaided even 
from occlusion of the abdominal aoita at its bifurcation, it is never- 
theless obvious that passive vascular exeicise increases enormously the 
likelihood and rapidity of lestitutio in integrum This notewoithy 
achievement is m itself sufficient lecompense for all the time and effoit 
which have been expended in developing the method Table 5 sum- 
maiizes our experience in twelve cases In spite of the fact that m most 
of these cases treatment was not staited until long aftei the occlusion 
had occurred, the results weie excellent in all but the last two cases, and 
in those cases the condition was virtually hopeless from the beginning 
Case 1 deserves particular notice Thiee months after sudden occlusion 
of the right popliteal artery, all the characteristic manifestations of 
arterial insufficienc}^ including gangienous ulceration of half the sole 
of the foot, were present After eighty-seven hours of treatment weie 
given, recovery was piactically complete 

Miscellaneous Conditions — Refeience to table 6 shows that passive 
Aascular exercise is not a panacea and should not be employed mdis- 
ciimmately In this gioup only the immediate consequences of fiost- 
bite (case 2) and arterial insufficiency secondary to local anesthesia 
(case 5) proved amenable to treatment by this method 

SUMMARY 

This lepoit is, in its entirety, a summary Our experience indicates, 
as does that of many other observers, that if collateial pathways aie 
potentially adequate, passive vascular exercise helps to reestablish the 
cii dilation in an extremity which has been depiived of part of its blood 
supply by obliterative aiteiial disease 



EFFECT OF MAGNESIUM ON VASCULAR 
SPASM IN RATS 


MITCHELL I RUBIN, MD 

AKD 

MILTON RAPOPORT, MD 

PHILADELPHIA 

In a pievious study it was demonstrated that the magnesium ion 
IS capable of preventing the contraction of smooth muscle both m vitio 
and m vivo ^ In a large peicentage of guinea-pigs passively sensitized 
to horse serum an intravenous injection of magnesium chloride just 
prioi to the injection of a shocking dose of hoise seium prevented the 
appearance of anaphylactic shock Similarly, the addition of magnesium 
chloride in isotonic amounts to the fluid of the Dale bath m which 
were suspended uterine strips from sensitized guinea-pigs prevented 
the contraction of the strips when antigen was added 

EXPERIMENTS 

The present studies were concerned with the effect of the magnesium ion on 
the contraction of the smooth muscle of the vascular system in the intact animal 
White rats (Wistar strain) were utilized as the experimental animals, and the 
systolic blood pressure was used as an index of the presence or absence of vascular 
spasm The technic employed for the determination of the systolic blood pressure 
in the rat was the indirect method of Griffith - 

TccJimc of Measiiiing the Systolic Blood Piesswe — The apparatus employed 
in determining the rat’s blood pressure is illustrated in figure 1 The rat is kept 
under constant and complete ether anesthesia during the period of determination, 
for It has been found that with the animal under light anesthesia his movements 
produce fluctuations in the blood pressure The dorsum of the hindleg is shaved, 
care being taken to avoid traumatizing the skin, as this produces multiple throm- 
boses of small vessels and interferes with the determination of the blood pressure 

The blood pressure cuff is made from a ring of thin elastic sheet rubber with 
an internal diameter of about inch (13 cm) and a width of about % inch 
(1 cm) The cuff is reenforced on the outer side with several thicknesses of 

Aided by a grant from Mead Johnson & Co 

A preliminarv report of this studv was presented before the Societv for 
Pediatric Research, Atlantic City, N J , May 5, 1936 

From the Department of Pediatrics, the School of Medicine, the Universit} 
of Penns\lvania, and the Children’s Hospital of Philadelphia 

1 Rubin, M I Studies on Anaphylaxis (unpublished), presented before the 
Pediatric Research Society, Atlantic City, N J , May 3, 1932 

2 Griffith, J Q , Jr Indirect Method for Determining Blood Pressure in 
Small Animals, Proc Soc Exper Biol & Med 32 394, 1934 
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sheet rubber to prevent bulging The cuff is connected to one arm of a Y tube 
The second arm of the Y tube is connected to a standard mercury manometer 
and the third arm to a rubber compression bulb The rubber bulb is kept m a 
wooden box, where constant pressure may be applied with a screw clamp 

The leg of the rat, after the cuff is applied to the thigh, is supported on the 
microscopic stage with plasticine The small cutaneous vessels on the dorsum 
of the shaved leg are observed under liquid petrolatum with the low power objec- 
tive of the microscope, indirect illumination being used Cutaneous vessels in 
which the flow of blood is very rapid are chosen for observation The move- 
ment of the column of blood in suitable vessels is continuous and so rapid that 
individual blood cells cannot be distinguished 



Fig I — The apparatus employed in determining the systolic blood pressure 
of the rats 

Pressure is applied to the rubber bulb in increments of from 2 to 4 mm of 
mercury while the vessels are kept under constant observation The pressure 
necessary to stop the flow of blood in the small vessels is taken as the systolic 
blood pressure of the animal The average of three consecutive readings is con- 
sidered the final reading, provided the individual readings do not vary more than 
15 mm of mercury After many readings have been taken, edema of the leg 
often develops and renders it unsuitable for further observation at the time If 
further readings are required, the other hindleg is used 

Griffith 2 has shown that the readings of the systolic blood pressure of rats 
taken by this indirect method are comparable with the direct readings obtained 
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by inserting a needle into a large artery The values obtained by us for the 
systolic blood pressure of normal rats are similar to those found by Griffith ^ and 
co-workers and by Leiter,'* who also measured the blood pressure by cannuhzation 
of the arteries 

Evpeiimenfal Data — Persistent Avascular spasm with resultant hyper- 
tension was produced by the parenteral administration of ergotamine 
tartrate ® There is adequate evidence to show that this drug produces 
intense vasoconstriction Herrick ® found that from 0 5 to 1 mg of 
this drug given parenterally markedly reduced the blood flow in the 
femoral artery of the dog and raised the systemic blood pressure Pool 
and Nason by direct observation with the microscope demonstrated 
constriction of the dural and the cutaneous arteries after the adminis- 
tration of ergotamine Lewis ® has shown that there is intense, per- 



Fig 2 — The distribution of blood pressure readings for one hundred and 
seventeen normal rats 


3 Griffith, J Q , Jr , Jeffers, W A , and Lindauer, M A A Study of the 
Mechanism of Hypertension Following Intracisternal Kaolin Injection in Rats 
Leucocytic Reaction and Effect on Lymphatic Absorption, Am J Physiol 113 
284, 1935 

4 Leiter, L The Nonspecific Role of Pressor Substances in the Plasma of 
Hvpertensive Patients, Arch Int Med 57 729 (April) 1936 

5 The ergotamine tartrate used in these experiments was supplied by the 
Sandoz Chemical Works, Inc 

6 Herrick, J F Effect of Ergotamine Tartrate on Blood Flow and Blood 
Pressure in the Femoral Artery of the Dog, Proc Soc Exper Biol & Med 30 
271, 1933 

7 Pool, J L , and Nason, G I Cerebral Circulation The Comparative 
Effect of Ergotamine Tartrate on the Arteries in the Pia, Dura and Skin of Cats, 
Arch Neurol R Psychiat 33 276 (Feb ) 1935 

8 Lewis, T , and Gelfand, B The Manner m Which Necrosis Arises m 
the Fowl's Comb Under Ergot Poisoning, Clin Sc 2 43, 1935 
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Fig 3 — The normal blood pressure levels for rats of both sexes and different 
weights The black circles indicate males and the crosses females 
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sistent vasoconstriction in the comb of the fowl treated with ergotoxine, 
the duration of the vascular spasm varying with the dose of the drug 

Blood Piessine of Noimal Rats — ^The accompanying table and figures 2 
and 3 show the variations in the systolic blood pressure of one hundred and 
seventeen normal rats raised on our colony diet 


Composition of Diet 

Gm 

Whole ground wheat 

660 

Whole ground corn 

680 

Whole milk powder 

420 

Linseed oil meal 

140 

Alfalfa meal 

40 

Liver 

40 

Calcium carbonate 

10 

Sodium chloride 

10 

Dried brewer’s yeast 

40 


It IS apparent that weight and sex do not influence the blood pressure significantly 
The range of these normal blood pressures was from 78 to 154 mm of mercury, 
the average being 119, with a standard deviation of ± 19 It is interesting that 
69 per cent of the values obtained by Letter, who used the direct method, fell 
between 101 and 140 mm of mercury and that the range of blood pressures 
covered by our standard deviation, which included 6826 per cent of the total 
readings, was between 100 and 138 mm of mercury Repeated readings for the 
same rat showed no significant fluctuations 

Blood Piessttie of Rats Gwen Injections of Ergotamine Tartiate — One hun- 
dred and twenty-eight rats, weighing from 75 to 100 Gm at the onset of the 
experiment, were divided into two equal groups on the basis of weight and sex. 
One group was kept on the diet for the normal colony, the other group was 
given the same diet, to which 2 per cent of magnesium carbonate by weight was 
added Magnesium carbonate when fed at this level did not produce diarrhea in 
the rats The stools, however, were soft and pasty After the rats had been on 
these diets for about three weeks the blood pressure was determined, and then 
the animals in both groups were given subcutaneous injections of 15 mg of 
ergotamine tartrate per kilogram of body weight Some animals in each group 
received but one injection, others received two injections and still others received 
three injections at weekly intervals In no case was the subsequent blood pressure 
reading recorded prior to one week after the last injection In some cases the 
readings were not taken until from two to five weeks after the last injection In 
every instance, however, the readings were paired, the animals on different diets 
being studied at the same time 

The accompanying table and figure 4 show the blood pressure levels of the 
rats on the two diets which were given ergotamine Ninety-four per cent (or 
sixty-one) of the sixty-five animals on the magnesium diet had a systolic blood 
pressure which was well within the normal range Ninety-three and six-tenths 
per cent (or fifty-nine) of the sixty-three animals on the normal diet, however, 
had hypertension 

In one experiment (figs 5 and 6) after the effect of ergotamine on two 
groups of rats had been determined the diets were reversed The group of animals 
m which hjpertension had developed when they were given the normal diet 
responded with a fall in blood pressure to within normal range when placed on 
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Fjg 4 — Cumulative frequency curves of the blood pressure readings for three 
groups of rats The black circles indicate the readings for one hundred and seven- 
teen normal rats which were fed a normal diet , the white circles indicate the 
readings for sixty-five rats which were fed a magnesium-containing diet and given 
injections of ergotamine tartrate, and the crosses indicate the readings for sixty- 
three rats fed a normal diet which were given injections of ergotamine tartrate 



Fig 5 — The blood pressure readings for rats which were given injections of 
ergotamine tartrate and which were maintained on different diets, the effect of 
leversing the diets being noted The solid black circles represent readings for 
rats on a normal diet, the white circles with a solid black center, the readings 
for rats changed from a normal to a magnesium-containing diet, the crosses, the 
readings for rats fed on a magnesium-containing diet, and the white circles with 
a cross in the center, the readings for rats changed from a magnesium-containing 
to a normal diet 
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the magnesium diet Converselj, the animals which had faded to show hjper- 
tension while on the magnesium diet responded with a rise m blood pressure 
when magnesium was withdrawn from the diet These changes in blood pressure 
were produced forty days after the injections of ergotamme tartrate were given 
Readings were taken for another thirty days, and the effects were still operative 
The implication of this experiment, in which the reversal m the blood pressure 
readings could be effected as long as forty days after the injection of three doses 
of ergotamme tartrate, is that the effect of magnesium is not to rid the body 
of the ergotamme but to hold in abeyance the vasoconstncting action of the drug 

Effect of Eigotamine on Gioivth and Development — The weight curves for 
both groups of rats which had been given ergotamme, i e, those on the normal 
diet and those on the magnesium diet, were below the average weight for our 
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Fig 6 — Graphs showing the effect of adding magnesium to and removing 
magnesium from the diet 

normal colony rats A comparison of weight curves showed no difference between 
the animals on the normal diet and the animals on the magnesium diet sixty 
days after the last injection of ergotamme tartrate 

Because diets high in magnesium have been used to produce rickets in the 
rat,® roentgenographic studies were carried out on our animals to determine 
whether or not osseous changes had occurred No detectable differences m the 
density or the structure of the bones were evident in the roentgenograms of the 
rats fed the normal diet and rats fed the magnesium diet 

Pathologic Obsetvatwns — Peripheral gangrene of the tail developed in almost 
all the animals on both diets w^hich were given ergotamme This lesion was 

9 klever zu Horste, G Magnesium Rachitis, Monatschr f Kmderh 54 

195, 1932, Klin Wchnschr 11 1796, 1932 
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similar to that described bj LIcGrath in the rat s tail and by Lewis and 
Gelfands in the fowl’s comb The tails of the rats in this experiment were 
studied by Dr Arthur D Waltz, pathologist for the Children’s Hospital, and 
the following report was made 

“Sections of the gangrenous tails show the epidermis shrunken and the areolar 
connective tissue pale, containing small clear fluid spaces The muscle fibers are 
granular, the striations lost and the muscles degenerated Practically all the 
arterioles contain thrombi m different stages of formation , those of more recent 
origin consist largel}- of fibrin containing sinuses filled with erj^throcytes These 
vessel walls show areas of the intima denuded of lining endothelium, the appear- 
ance of the rest of the wall is normal Other thrombi are well organized and 
partially canalized Occasionally a vessel and its contained thrombus are definitely 
degenerated All other blood vessels, from the smallest capillaries to the com- 
paratively large vessels, are greatly dilated and packed with red blood cells 
There are no noteworthy changes in the bone ’’ 

The urine of both groups of rats which were given ergotamine contained 
albumin No organized sediment was present 


COMMENT 

There is ample evidence that ergotamine taitrate produces vaso- 
constriction in the intact animal Since the early description of the 
action of ergot by Dale,’-’- in which he stated that one of the major 
effects of this drug is direct stimulation of the smooth musculature of 
arteries producing contraction, many other workers have confirmed this 
observation This vascular spasm, we believe, is directly responsible 
for the hypertension produced in our rats A rise in the systolic blood 
pressure following the administration of ergotamine tartrate has been 
observed by Herrick ° in the dog, by Pool and Nason ' in the cat and 
by Pool, von Stoich and Lennox’^ in human beings While the rises 
in the systolic blood pressure reported by these workers were not of as 
great magnitude as those reported m this paper, it should be empha- 
sized that the doses of eigotainine which they employed were much 
smaller than those utilized in our expeiiment 

Studies by the general physiologist show that the magnesium ion is 
capable of producing relaxation of the smooth muscle fiber Thus Tren- 

10 McGrath, E J G Experimental Peripheral Gangrene Effect of Estro- 
genic Substance and Its Relation to Thrombo-Angntis Obliterans, Arch Int Med 
55 942 (June) 1935 

11 Dale, H H On Some Physiological Actions of Ergot, J Physiol 34 
163, 1906 

12 Herrick 6 Pool and Nason’ Lewis and Gelfand s Heymans, C, 
Bouckaert, J J , and Moraes, A Au sujet de I’action vasculaire de I’ergotamnie 
inversion de Taction vaso-constrictrice des "vasotonmes” du sang defibrine par 
Tergotamine, Compt rend Soc de biol 110 993, 1932 

13 Pool, J L , von Storch, T J C , and Lennox, W G Effect of Ergotamine 
Tartrate on Pressure of Cerebrospinal Fluid and Blood During Migraine Head- 
ache, Arch Int Med 57 32 (Jan ) 1936 
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delenburg^^ was able to produce relaxation of the smooth muscle of 
the bronchi, and Wiechmann^® demonstrated a similar effect on the 
smooth musculature of isolated strips of stomach and intestine Teschen- 
dorf,^® using strips of the musculature of the skin of the leech, which 
IS a pure smooth muscle, was also able to relax the intense spasm 
induced by barium chloride and prevent contraction from faradic stimu- 
lation by adding magnesium chloride to the bathing fluid As has been 
mentioned previously, we have been able to prevent spasm of the 
smooth muscle of the passively sensitized guinea-pig both m vivo and 
in vitro with the magnesium ion ^ These studies on preparations of iso- 
lated smooth muscle furnish strong evidence that magnesium acts 
directly on the smooth muscle fiber However, Wiechmann pointed 
out that he was able to demonstrate a paralyzing action on the myo- 
neural junction in addition to the direct paralyzing action on the muscle 
fiber 

From this evidence it is our belief that magnesium relieved the 
hypertension m the rats which were given ergotamme by a peripheral 
relaxing action on the smooth muscle coats of the blood vessels There 
was no evidence that the narcotic action of magnesium played any role 
m effecting this reduction in blood pressure The rats fed on the 
magnesium diet were always active Demonstrable dehydration was 
not produced in the animals on the magnesium diet and therefore 
cannot be considered as the mechanism for reducing the blood pressure 

As has been pointed out, in rats on both diets which were given 
ergotamme gangrene of the tail developed It is felt that the failure of 
the magnesium ion to prevent this change in the tail was due to the fact 
that the vasoconstriction immediately following the injection of the 
large doses of ergotamme tartrate is so intense that the relaxing effect 
of magnesium when given by mouth is inadequate This is further 
substantiated by our observation that the blood pressure is elevated in 
both groups of animals immediately after the injection of ergotamme 
and that the observed differences in pressure are apparent only after 
about one week It is possible, however, that magnesium administered 
parenterally might be effectual in preventing the intense vascular spasm 
which IS primarily responsibe for the gangrene 

In one group of rats, not included here, in which the blood pressure 
was maintained within normal limits with the magnesium diet after three 

14 Trendelenburg, P Physiologische und pharmakologische Untersuchungen 
an der jsoherten Bronchialmuskulatur, Arch f exper Path u Pharmakol 69 
79, 1912 

15 Wiechmann, E Zur Theorie der Magnesium Narkose, Arch f d ges 
Physiol 182 74, 1920 

16 Teschendorf, W Beitrage zur Physiologie und Pharmakologie der 
Blutegelrauskulatur, Arch f d ges Physiol 192 135, 1921 
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injections of ergotamine, after the injection of three additional doses 
of ergotamine tartrate the blood pressure was no longer controlled by 
the magnesium diet in some of the animals 

The clinical implications of this study are ob\aous They suggest 
that the beneficial action of magnesium in lowering the hypertension m 
the acute phase of hemorrhagic nephritis may m a large measure be 
due to Its relaxing effect on the musculature of the spastic vessels 
responsible for the elevation of the blood pressuie They further sug- 
gest that magnesium may be of therapeutic value in various vasculai 
spastic states with or without hypertension 

SUMMARY 

Hypertension was produced in rats by the parenteral injection of 
ergotamine tartrate 

Magnesium carbonate when added to the diet reduced the blood 
pressure of rats that had been rendered hypertensive to within normal 
limits 

The action of the magnesium ion in relieving this experimental 
hypertension is believed to be due to its relaxing effect on the smooth 
musculature of the blood vessels 

The clinical implications of this study are suggested 
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The clinical literature dealing with diseases of the liver and the 
biliary tract continues to be voluminous Much of it deals with case 
reports and clinical discussions , hence detailed summary is not neces- 
sary We have sought, therefore, not to attempt a comprehensive 
review of this literature but to follow the plan used in previous reviews 
of this series ^ and to limit our discussion to selected subjects in which 
there have been noteworthy contributions Even in these subjects we 
make reference to selected articles rather than give an inclusive 
bibliography 

PHYSIOLOGY OF THE BILIARY TRACT 

Piessme Relationships Within the Bihaiy Tiact — It is generally 
accepted that the secretion of bile by the liver is continuous, but its 
discharge into the duodenum is intermittent Both the discharge of 
bile into the duodenum and the filling and emptying of the gallbladder 
are controlled by the choledochal-duodenal sphincter — ^the sphincter of 
Oddi Numerous observers have studied the pressuie relationships 
Avithin the biliary tract since the initial experiments of Doyon ^ and of 
Bainbndge and Dale ® These studies have been summarized by Ivy * 

From the Clinic for Diseases of the Liver and Biliary Tract of the Depart- 
ments of Medicine and Surgery, the New York Post-Graduate Medical School and 
Hospital and the Long Island College Division of the Kings County Hospital 

1 Greene, C H , Bercovitz, Z and Hanssen E C Liver and Biliary 
Tract Review of the Literature for 1933 and 1934, Arch Int Med 55 681-706, 
(April) 1935 

2 Doyon, M Mouvements spontanes des voies biliares. Arch de physiol 
norm et path 5 710-719, 1893 

3 Bainbndge, F A , and Dale, H H The Contractile Mechanism of the 
Gall-Bladder and Its Extrinsic Nervous Control, J Physiol 33 138-155, 1905- 
1906 

4 Iv3% A C The Physiology of the Gall Bladder, Physiol Rev 14 1-102, 

1934 
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Most of the experiments were performed on anesthetized animals, but 
Higgins and Mann,'" Potter and Mann,*" McMaster and Elman," and 
Ivy and Oldberg ® so arranged their experiments that they were able to 
obtain readings on unanesthetized dogs 

They found that the sphincter of Oddi m the resting animal pos- 
sesses a definite tonus and is able to withstand a pressure of fiom 90 
to 250 mm of water This is greater than the pressure, 100 mm , in 
the resting gallbladder, so that in the fasting animal the secreted bile 
IS stored in the gallbladder After a meal the sphincter relaxes and 
the gallbladder contracts and empties The maximal pressure developed 
m the gallbladder duiing contraction varies from 210 to 270 mm of 
bile 

The maximal pressure under which bile is secreted by the liver, 
according to the reports of Naunyn,® Herring and Simpson,^® Mitchell 
and Stifel,^^ Mann and Foster,^- McMaster and Elman and others, 
varies, in the dog, from 240 to 310 mm of water This pressure under 
ordinary circumstances is greater than the contractile force of either 
the gallbladder or the sphincter of Oddi, so that the liver normall}^ is 
protected against the effects of back pressure However, Ivy reported 
that spasm of the sphincter may occasionally produce a pressure of 
800 mm of water Spasm of such intensity not only would prevent 
evacuation of the gallbladder but would cause biliary colic and if it 
persisted, jaundice 

Less IS known regarding the pressure relationships in the human 
biliary tract, though presumably they are similar to those in the dog 
Robitschek and Turlot in 1921 reported that the secretory pressure 

5 Higgins, G M , and Mann, F C Observations on the Emptying of the 
Gall Bladder, Am J Physiol 78 339-348, 1926 

6 Potter, J C , and Mann, F C Pressure Clianges in the Biliary Tract, 
Am J M Sc 171 202-217 1926 

7 McMaster, P D , and Elman, R On the Expulsion of Bile by the Gall 
Bladder Reciprocal Relationship with the Sphincter Activity, J Exper Med 
44 173-198, 1926 

8 Ivy, A C , and Oldberg, E Hormone Mechanism for Gall Bladder 
Contraction and Evacuation, Am J Physiol 86 599-613, 1928 

9 Naunyn, B Zur Naturgeschichte der Gallensteme und zur Cholelithiasis, 
Mitt a d Grenzgeb d Med u Chir 14 537-554, 1905 

10 Herring, P T , and Simpson, S The Pressure of Bile Secretion and the 
Mechanism of Bile Absorption in Obstruction of the Bile Duct, Proc Roy Soc , 
London, s B 79 517-532, 1907 

11 Mitchell, W T , and Stifel, R E The Pressure of Bile Secretion 
During Chronic Obstruction of the Common Bile Duct, Bull Johns Hopkins 
Hosp 27 78-79, 1916 

12 Mann, F C , and Foster, J P Secretory Pressure of the Liver, Am J 
Physiol 47 278-282, 1918 

13 Robitschek, W and Turlot, M Der Sekretionsdruck der Galle be>m 
Menschen, Wien khn Wchnschr 34 263 (June 2) 1921 



726 


ARCHIVES OF INTERNAL MEDICINE 


of the bile vaiied m human patients from 210 to 270 mm Koster, 
Shapiro and Lerner reported one case m which they found the normal 
tonus of the sphincter of Oddi to equal 230 mm of water McGowan, 
Butsch and Walters were interested in changes in the pressure in the 
common bile duct, and m their experiments they did not attempt to 
determine the total pressure However, they reported spasm of the 
sphincter of Oddi with an intensity equivalent to a pressure of over 600 
mm of water The pressure exerted by contraction of the human gall- 
bladder has not been reported 

Cholangiography — ^The direct roentgenographic visualization of the 
biliary tree by the injection of iodized poppy-seed oil or some other 
roentgenopaque solution into a biliary fistula or into a drainage tube 
anchored in the gallbladder or bile ducts was introduced into clinical 
medicine by Lanari and Squirri in 1924 Immediate cholangiography 
or the visualization of the gallbladder or bile ducts at the time of 
operation was advocated by Mirizzi These methods have been 
extended and popularized by Ginzburg and Benjamin,^® Walters and 
Thiessen,^® Ross,-° Hicken, Best and Hunt,^^ Robins and Hermanson,^® 
and others It is becoming generally accepted that cholangiography 
IS a valuable diagnostic procedure m that it enables the presence of 
calculi, strictures or neoplasms or the course of a fistula affecting the 
biliary passages to be demonstrated visually and gives direct evidence 

14 Koster, H , Shapiro, A , and Lerner, H On the Rate of Secretion of 
Bile, Am J Physiol 115 23-26, 1936 

15 McGowan, J M , Butsch, W L, and Walters, W Pressure in the 
Common Bile Duct of Man Its Relation to Pam Following Cholecystectomy, 
J A M A 106 2227-2230 (June 27) 1936 

16 Lanari, E L , and Squirri, C M Roentgenography of Biliary Passages 
After Lipiodol Injections, Rev Asoc med argent 37 125-127, 1924 

17 Mirizzi, PL La cholangiografia durante las operaciones de las vias 
biliares, Progresos de la clin 41 213-221, 1933 

18 Ginzburg, L , and Benjamin, E W Lipiodol Studies of Post-Operative 
Biliary Fistulae, Ann Surg 91 233-241, 1930 

19 Walters, W, and Thiessen, N W Visual Methods of Studying the 
Physiol ogj of the Common Bile Duct I The Problem of Pancreatitis and 
Sphincteritis, Proc Staff Meet, Mayo Clin 9 772-775 (Dec 19) 1934 

20 Ross, J C The Use of Lipiodol in the Surgery of the Biliary Passages, 
Lancet 1 251-254 (Feb 1) 1936 

21 Hicken, N F , Best, R R, and Hunt, H B Cholangiography Visual- 
ization of the Gall Bladder and Bile Ducts During and After Operation, Ann 
Surg 103 210-229, 1936 Best, R R , and Hicken, N F Cholangiographic 
Demonstration of Biliary Dyssynergia and Other Obstructive Lesions of the 
Gallbladder and Bile Ducts, JAMA 107 1615-1619 (Nov 14) 1936 

22 Robins, S A , and Hermanson, L Cholangiography Modified Tech- 
nic for X-Ray Visualization of Bile Ducts During Operation, Surg, Gynec & 
Obst 62 684-688, 1936 
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regarding the patency of the biliary passages In many patients, regard- 
less of the presence of dilatation, infection of the bile ducts or calculi, 
the injected iodized oil passes into the duodenum without delay In 
other cases there is retention of the oil in the biliary tree for periods up 
to three hours before it passes into the duodenum This delay Best and 
Hicken,23 and Hicken, Best and Hunt"^ ascribe to spasm or hyper- 
tonicity of the choledochal sphincter, and m a series of seventy-five 
cases they found evidence of such spasm in 15 per cent 

One of the roentgenograms published by Saralegui as illustrative 
of spasm of the sphincter is particularly interesting, for it shows the 
common duct filled with contrast medium The ampulla of Vater is 
also filled with contrast medium, which extends up into the pancreatic 
ducts The opening of the papilla of Vater is closed, though there is 
contrast medium in the duodenum There seems to be a separate 
sphincter between the ampulla of Vater and the common duct This 
roentgenogram, therefore, seems to indicate that the choledochal- 
duodenal sphincter really consists of two parts, and so is a most inter- 
esting confirmation of the views of Westphal and Lueth 

The Chmcal Syndiomes Associated with Biltaiy Stasis — The 
demonstration by objective methods of increased tone or spasm of 
the choledochal sphincter is a development of the last few years, but the 
recognition of its importance in clinical medicine has come through 
clinical observations over a prolonged period Krukenberg m 1903 
described the occurrence of biliary colic in the absence of gallstones 
The extensive literature dealing with these functional disturbances 
was summarized by Ivy and Sandblom in 1934 Ivy and Sandblom 
discussed the physiologic basis for the concept of functional distur- 
bance or biliary dyskinesia 

The clinical syndromes produced by such dyskinesia have been dis- 
cussed by Greene, Twiss and Carter under the heading of biliary 
stasis They pointed out that at least three types of disturbance produc- 

23 Best, R R, and Hicken, N F Biliary Dyssynergia Physiological 
Obstruction of the Common Bile Duct, Surg, Gynec & Obst 61 721-734, 1935 

24 Saralegui, J A Die Cholangiographien bei Studien der Gallenleiden 
[fig 6], Fortschr a d Geb d Rontgenstrahlen 52 571-579, 1935 

25 Westphal, K Muskelfunktion, Nervensystem und Pathologie der Gallen- 
wege I Untersuchungen uber den Schmerzanfall der Gallenwege und seme 
ausstrahlenden Reflexe, Ztschr f klin Med 96 22-150, 1923 

26 Lueth, H C Studies on Flow of Bile into the Duodenum and Existence 
of Sphincter of Oddi, Am J Physiol 99 237-252, 1931 

27 Krukenberg, H Ueber Gallenblasenkoliken ohne Gallenstein Berl klm 
Wchnschr 40 667, 1903 

28 Ivy, A C, and Sandblom, P Biliary Dyskinesia, Ann Int Med 8- 
115-122, 1934 

29 Greene, C H , Twiss, J R, and Carter, R F Biliary Stasis Am T 
Digest Dis & Nutrition 3 622-624, 1936 
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tive of stasis and an associated symptomatology can be lecognized 
clinically These t}pes are of importance both m diagnosis and in 
treatment 

1 Obesit) and a loss of muscle tone aie obseived in many women 
as the menopause is approached Numerous observers have emphasized 
the inci easing proportion of cases of achlorhydria that are observed m 
older pel sons The presence of acid chyme m the duodenum not only 
causes relaxation of the sphincter of Oddi but stimulates evacuation of 
the gallbladder Its absence in achlorhydria has the opposite effect, 
resulting in distention of the gallbladder This may be referred to as 
atonic distention The lesultant biliary stasis is signaled clinically by 
epigastiic or hypochondriac soreness or distress, which is most marked 
during fasting Colic is infiequent Achlorh}'dria or hypochlorhydna 
IS shown by analysis of gastric contents Gastro-mtestmal roentgeno- 
grams usually show nothing abnoimal In the cholecystogiam the 
shadow of the gallbladder appears distended and atonic It may show 
delay in either filling or emptying Duodenal diainage may procure a 
large quantity of concentrated bile, but frequently this is secured only 
after stimulation with olive oil The biliary stasis is further shown by 
the presence of crystalline sediment In such cases the condition responds 
to therapeutic management with a stimulating diet and the administra- 
tion of hydrochloiic acid, and a fatty diet or of olive oil between meals 
to stimulate evacuation of the gallbladder 

2 It has long been known that m many instances of duodenal ulcer 
the symptoms are those of disturbance of the gallbladder In a further 
number of cases roentgen study of the gastro-mtestmal tract shows 
duodenitis, periduodenal adhesions, pyloiospasm, gastric ulcer and the 
like in association with disease of the gallbladder In such cases it can 
be assumed that the inci eased motility and tone of the duodenal mus- 
culature and the sphincter of Oddi interfere with the normal evacuation 
of the gallbladder Because there is an increased resistance to its empty- 
ing, the gallbladder becomes distended and hypertonic This may be 
referred to as a hypertonic or spastic distention of the gallbladder 
Clinically it is charactei ized by frequent attacks of colic, which may 
be accompanied by jaundice Gastric hyperacidity usually is present 
Roentgenograms of the gastro-mtestmal tract show evidences of pyloro- 
spasm and spasm, hypermotihty or increased tonus of the duodenal 
musculature Cholecystograms show the gallbladder to be distended 
and hypertonic Duodenal drainage shows evidence of stasis m the 
frequency m which concentrated bile is procured only after stimulation 
with olive oil The bile is dark and concentrated, and the presence of 
crystalline sediment is further evidence of the stasis In such cases the 
condition responds to therapeutic management with diets of the modified 
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ulcer type, antispasmodic drugs, such as belladonna, and alkalis to con- 
trol the hyperacidity 

3 The association of symptoms of disease of the gallbladder with 
neuroses of various types is no new obseivation The association of 
chronic appendicitis, a spastic colon, pelvic disease or pregnancy with 
exacerbations of the symptoms of biliary stasis has been explained on 
a leflex basis In such cases it may be assumed that there is a spasm 
of the sphincter of Oddi as a result of vagal stimulation which may 
arise directly in the central nervous system or reflexly in some other 
portion of the abdominal cavity This spasm oi increased tonus of the 
sphincter of Oddi interferes with the noimal evacuation of the gall- 
bladder which then becomes distended This may be referied to as 
a neurogenic or vagotonic distention of the gallbladdei The lesultant 
biliary stasis is charactei ized clinically by the piesence of ps}chogenic 
factors or souices of reflex iiritation which ma} explain the vagotonia 
Biliary colic and even jaundice may occur The gastric acidity is usually 
within the noimal range, and gastro-intestinal roentgenograms do not 
show evidences of local lesions m the stomach or duodenum Cholecys- 
tograms show the gallbladdei to be distended, and hypertonic duodenal 
drainage shows evidence of stasis in the concentiation of the bile and 
the presence of crystalline sediment Concentrated bile, however, is 
usually obtained after stimulation with a solution of magnesium sulfate 
In such cases the condition responds to therapeutic management with 
change of environment, mental rest, sedatives, antispasmodics and saline 
cathartics It is this group m particular that is responsible foi the vogue 
of “spa” therapy in the treatment of chronic cholecystitis 

The evaluation of the exact role of the individual factors of stasis, 
infection and metabolic changes m the production of disease of the 
gallbladder is difficult, but the concept of biliary stasis explains many 
of the clinical features of this disease Failure to correct the stasis is 
responsible for many instances of recurrence of symptoms following 
cholecystectomy Greene, Twiss and Caiter pointed out that biliary 
stasis IS not a single disease entity but may be the result of any one 
of various types of disturbance in the motor activity of the gallbladder 
and the biliary tract They expressed the belief that these three mam 
types at least can be recognized and that the recognition of them peimits 
both a more accurate diagnosis and a more specific and satisfactory 
therapeutic management of the individual patient 

Phajtnacologic Studies — ^The effectiveness of nitrites, glyceryl trini- 
trate and related compounds in producing vasodilatation is well known 
Their action, however, is not limited to the smooth muscle of the blood 
vessels The pharmacologic studies of Lieb and McWhorter showed 

30 Lieb, C C, and McWhorter, J E Action of Drugs on the Isolated 
Gall-Bladder, J Pharmacol & Exper Therap 7 83-98, 1915 
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that they could produce relaxation of the gallbladder Beams stressed 
their value in clinical medicine in relieving cramps or spasm of the 
intestine Their value m producing relaxation of the sphincter of Oddi 
was shown by McGowan, Butsch and Walters and by Best and Hicken 
We can further testify as to the value of amyl nitrite or glyceryl trini- 
trate in relieving both biliary colic and pylorospasm 

McGowan, Butsch and Walters reported studies on a series of 
cholecystectomized patients They were interested in changes in pres- 
sure in response to drugs rather than in the absolute values, so that 
their results cannot be compared directly with the data quoted pievi- 
ously However, they reported that a rise in the intraductal pressure was 
accompanied by pain The administration of morphine regularly pro- 
duced a rise in pressure, and this was accompanied by pain The admin- 
istration of amyl nitrite or of glyceryl trinitrate on the other hand 
rapidly brought the intraductal pressure down to zero, with relief of 
the pain These changes are most readily explained by the production 
of spasm of the sphincter of Oddi by morphine and the relief of this 
spasm by nitrites 

These studies have been extended by McGowan, Butsch and Wal- 
ters and by Doubilet and Colp They confirm the production of 
spasm of the sphincter of Oddi by therapeutic doses of morphine and 
dilaudid A lesser degree of spasm was produced by pantopon (a mix- 
ture of the hydrochlorides of the opium alkaloids) or codeine Atropine 
or hyoscine caused a decrease m the tonus of the sphincter, but the spasm 
produced by morphine was relieved only by amyl nitrite or glyceryl 
trinitrate A few experiments also suggested that theophylline ethylene 
diamine had a relaxing effect Histamine, alcohol, ephednne, epi- 
nephrine, papaverine, physostigmme, acetylcholine, ergotamine, calcium 
chloride, caffeine and phenobarbital in therapeutic doses had no distinct 
effect on the tonus of the sphincter 

The increased knowledge of the physiology of the biliary tract accu- 
mulated during the past few years gives promise of adding new remedies 
to the list of those now used m the management of the biliary disorders 

31 Beams, A J The Effect of Nitrites on Pam and on the Motility of the 
Gastro-Intestinal Tract I Clinical Study, Arch Int Med 49 270-275 (Feb) 
1932 

31a McGowan, J M , Butsch, W L, and Walters, W The Use of Glyceryl 
Trinitrate (Nitroglj^cerine) for the Control of Pam Following Cholecystectomy, 
Ann Surg 104 1013-1018, 1936 Butsch, W L , McGowan, J M , and Walters, 
W Clinical Studies on the Influence of Certain Drugs m Relation to Biliary 
Pam and to Variation in Intrabiliary Pressure, Surg, Gynec & Obst 63 451-456, 
1936 

31b Doubilet, H , and Colp, R Resistance of the Sphincter of Oddi in the 
Human, Surg, Gynec & Obst 64 622-633, 1937 
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Ergotamine tartrate has been introduced into internal medicine as a 
pharmacologic antagonist to epinephrine and has been used in depressing 
overactivity of the sympathetic nervous system Lennox and. von 
Storch,^" O’Sullivan and several other investigators have found it 
of value in the relief of migraine The pathogenesis of migraine is 
not known, though on an insecure basis it has been ascribed to hepatic 
disturbance Similarly, the explanation of the action of ergotamine tar- 
trate in relieving migraine is not clear Ergotamine tartrate was also 
used successfully in treating the pruritus of jaundice by Lichtman,®^ 
Snell and Keyes and others The indiscriminate use of ergotamine 
tartrate is dangerous Yater and Cahill and Gould, Price and Gins- 
berg each reported a case of bilateral gangrene of the feet following 
the use of large doses of ergotamine tartrate for the relief of pruritus 
in jaundice Ergotamine may be of value in the treatment of the hypo- 
tonic type of biliary stasis, but it should be used with caution 

Choline and acetylcholine derivatives which stimulate the vagus or 
the parasympathetic nerve endings®® likewise may be of value in the 
treatment of the hypotonic type of biliary stasis The absorption of 
these two compounds after oral administration is variable, and they 
must be given hypodermically with caution because of the rapid but 
transitory fall of blood pressure which they produce Acetylbetamethyl- 
choline is now given by intranasal pack or through the skin by lonto- 

32 Lennox, W G, and von Storch, T J C Experience with Ergotamine 
Tartrate in One Hundred and Twenty Patients with Migraine, JAMA 105 
169-m (July 20) 1935 

33 O’Sullivan, M E Termination of One Thousand Attacks of Migraine 
with Ergotamine Tartrate, JAMA. 107 1208-1212 (Oct 10) 1936 

34 Lichtman, S S Therapeutic Response to Ergotamine Tartrate m Pru- 
ritus of Hepatic and Renal Origin, J A M A 97 1463-1464, (Nov 14) 1931 

35 Snell, A M, and Keyes, H C Pruritus of Jaundiced Patients Its 
Incidence and Treatment, M Clin North America 16 1455-1470, 1933 

36 Yater, W M , and Cahill, J A Bilateral Gangrene of Feet Due to 
Ergotamine Tartrate Used for Pruritus of Jaundice Report of a Case Studied 
Artenographically and Pathologically, JAMA 106 1625-1631 (May 9) 1936 

37 Gould, S E , Price, A E , and Ginsberg, H I Gangrene and Death 
Following Ergotamine Tartrate (Gynergen) Therapy, JAMA 106 1631- 
1635 (May 9) 1936 

38 Kovacs, J , Saylor, L L , and Wright, I S The Pharmacological and 
Therapeutic Effects of Certain Choline Compounds, Am Heart J 11 53-65, 
1936 Myerson, A , Rmkel, M , and Dameshek, W The Autonomic Pharma- 
cology of the Gastric Juices, New England J Med 215.1005-1013 (Nov 26) 
1936 

39 Van Dellen, T R , Bruger, M , and Wright, I S The Absorption of 
Acetyl-B-Methylchohne Chloride (Mecholyl) by the Nasal Mucous Membrane, 
J Pharmacol & Expcr Therap . to be published 
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phoresis Further experience is necessary to determine the value of 
this group of drugs in diseases of the biliary tract 

Both ephedrine sulfate and benzedrine sulfate have been introduced 
into clinical medicine as sympatheticomimetic compounds which may 
be given orally Van Liere, Lough and Sleeth studied the effect of 
1 grain {0 065 Gm ) of ephedrine sulfate on the emptying time of the 
human stomach m six normal subjects Gastric evacuation was pro- 
longed in all They expressed the opinion that ephedrine has two distinct 
actions on the stomach First, it may stimulate the sympathetic fibers, 
which would cause diminished motilit}, and second, it may actually 
relax the smooth muscle directl)' Myeison and Ritvo"*® found that 
benzedrine sulfate m doses of 30 mg by mouth is of great value in 
diminishing or abolishing spasm of the gastro-mtestinal tiact Gastric 
tonus was reduced slightly, but peristaltic action was not interrupted 
The stomach often emptied more rapidly after the administration of 
the drug because the relaxation of the pyloric sphincter allowed food 
to pass out of the stomach more rapidly than normally These two 
compounds are similar in their actions, nevertheless, they show slight 
but important differences in their effects It is possible that they will 
be of value in the treatment of spastic disturbances involving the biliary 
tract, but detailed studies have not been reported 

Effect of Cholecystectomy — ^The experiments of Puestow indicate 
that after cholecystectomy sphmctenc tone is lost and bile dribbles into 
the duodenum as secreted The effect of cholecystectomy in abolishing 
the normal tone of the sphincter would seem to be transitory, for Potter 
and Mann found the pressure in the common duct to be increased after 
cholecystectomy in dogs, and Judd and Mann reported that in dogs 
the common bile duct uniformly becomes dilated after cholecystectomy 
Puestow and Morrison measured the circumfeience of the common 

40 Kovacs, J The Iontophoresis of Acetyl-Beta-Methylchohne Chloride 
in the Treatment of Chronic Arthritis and Peripheral Vascular Disease Pre- 
liminary Report, Am J M Sc 188 32-36, 1934 

41 Myerson, A , Loman, J and Dameshek, W Physiologic Effects of 
Benzedrine and Its Relationship to Other Drugs Affecting the Autonomic Ner- 
vous System, Am J M Sc IQSt 560, 1936 

42 Van Liere, E J , Lough, D H , and Sleeth, C K The Effect of 
Ephedrine on the Emptying Time of the Human Stomach, JAMA 106 535- 
536 (Feb 15) 1936 

43 Myerson, A, and Ritvo, M Benzedrine Sulfate and Its Value in Spasm 
of the Gastro-Intestinal Tract, JAMA 107 24-26 (July 4) 1936 

44 Puestow, C B The Discharge of Bile into the Duodenum An Experi- 
mental Study, Arch Surg 23 1013-1029 (Dec ) 1931 

45 Judd, E S , and Mann, F C The Effect of Removal of the Gall 
Bladder An Experimental Study, Surg, Gynec & Obst 24 437-442, 1917 

46 Puestow, C B , and Morrison, R B The Relationship of Cholecystitis 
and Cholecystectomy to Dilatation of the Choledochus, Ann Surg 101 599-602, 
1935 
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duct in a senes of patients and found that while the presence of chronic 
cholecystitis with or without stones had little effect on the size of the 
common duct, cholecystectomy was followed by a considerable degree 
of dilatation The gallbladder by virtue of its storage function serves 
to protect the common duct from the effects of increased pressure within 
the biliary tract, and the loss of this protection undoubtedly explains 
the increase in the frequency and seventy of biliary colic observed in 
some patients after cholecystectomy 

Carter discussed the importance of a study of the i espouse of the 
sphincter of Oddi in those cases in which surgical drainage of the com- 
mon duct is necessary This is a procedure which is generally advocated 
for stones, cholangeitis or chronic panel eatitis, but there has been no 
general agreement as to how long postopeiative diainage is necessary 
Ravdin stressed the importance of chemical and inicioscopic study of 
the bile as a guide to the persistence of infection and the severity of 
hepatic injury Pribram,'*® Thorlakson and McMillan,*® Walters and 
Thiessen and Hicken, Best and Hunt all pointed out that cholangio- 
graphic studies show that prolonged drainage of the common bile duct 
produces a reduction in the size of the dilated bile ducts, with a dis- 
appearance of the cholangiectasia Carter admitted the importance of 
these different criteria of drainage but stressed the value of the food 
test He measured the hourly drainage of bile during the day When the 
sphincter of Oddi responds normally to food, the external drainage of 
bile is decreased or ceases entirely after meals If the sphincter does 
not lespond to food, the amount of biliary drainage is increased after 
the meal A normal response to this food test indicates that the com- 
mon duct is draining freely into the duodenum and the drainage tube m 
the common duct may safely be removed 

THE LIVER AND THE METABOLISM OF EAT 

Fat Absotpfion — The importance of the bile m the absorption of 
fats has long been known This is due partly to its action in activating 
the panel eatic lipase, partly to the action of the bile salts m favoring 
emulsification and solution of fats and so hastening lipolytic action 
and partly to the formation of soluble addition compounds of bile salts 
and fats or fat-soluble materials These addition compounds are 
absorbed directly into the blood stream The recent investigations of 

47 Carter, R F When to Remove the Drainage Tube m Common Bile 
Duct Drainage, Surg, Gynec & Obst 63 163-169, 1936 

48 Pribram, BO New Methods in Gall Stone Surgerj, Surg Gynec & 
Obst 60 55-64, 1935 

49 Thorlakson, P H , and McMillan, J C Common Duct Obstruction with 
Lipiodol Studies of Cholangiectasia Showing Effects of Prolonged Drainage 
Canad M A J 31 265-269, 1934 
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Verzar and of Drummond emphasizing the importance of bile in 
the absorption both of neutral fats and of fat-soluble materials were 
reviewed m 1936 and need not be discussed in detail at the present 
time 

The rate of absorption of fats is often mentioned in clinical litera- 
ture as a valuable aid in the appraisal of the normal functioning of the 
liver Sullivan and Fershtand have studied the estimation of the 
degree of alimentar}'’ lipemia as an index of the rate of absorption of 
fat Curves for absorption of fat by normal men and by patients with 
disease of the liver were obtained by following the changes in total 
fats of the serum subsequent to the ingestion of 100 Gm of cottonseed 
oil Patients with definite disease of the liver showed a curve for 
absorption distinctly different from the normal and denoting a dimin- 
ished and delayed absorption of ingested fat This altered curve, based 
on values for fat in the blood, is deemed by the investigators sufficiently 
characteristic and different to be of aid in determining the functional 
status of the liver 

Although other reports support the use of this procedure in inves- 
tigating the function of the liver, the results should be interpreted with 
caution The quantity of fat in the blood at a given time is subject 
to the influence of a number of factors The rate of uptake from the 
alimentary tract and the rate of deposition of the absorbed material m 
the cells of the body are important regulators of the level of blood 
fats It should be remembered that lipemia occurs in association with 
diabetes as well as with starvation and does not, on the other hand, 
ordinarily develop in cases of chronic pancreatitis or carcinoma affecting 
other abdominal organs These few instances of alteration of the blood 
fat levels unrelated directly to the functioning of the liver suffice to 
emphasize the limited importance that should be attached to absorption 
of fat, or alimentary lipemia, as a diagnostic measure of a hepatic 
condition 

Nachlas, Duff, Tidwell and Holt attempted to avoid these diffi- 
culties by studying the lipemic curve after the intravenous administration 

50 Verzar, F Absorption of Fats, Nutrition Abstr & Rev 2 441-450, 
1933 Verzar, F, and Laszt, L Studies on the Absorption of Fatty Acids, 
Biochem Ztschr 270 24-35, 1934 

51 Drummond, J C Biochemical Studies of Liver Function m Relation to 
Fat Metabolism, in Harvey Lectures, 1932-1933, Baltimore, Johns Hopkins Press, 
1934, pp 202-217 

52 Greene, C H Liver and Biliary Tract A Review of Certain Recent 
Contributions, Arch Int Med 57 1039-1054 (May) 1936 

53 Sullivan, M, and Fershtand, JAB Fat Adsorption Its Value as an 
Index of Function of the Liver, Arch Int Med 55 834-841 (May) 1935 

54 Nachlas, A , Duff, G L , Tidwell, H C, and Holt, L E Liver Func- 
tion as Tested by the Lipemic Curve After Intravenous Fat Administration, J 
Clin Investigation 15 143-151, 1936 
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of highly emulsified fat They noted a rise in the cuive foi blood fat 
to a level above noimal after the administration of carbon tetrachloride 
to dogs A similar rise was found m one case of congenital malforma- 
tion of the bile ducts In consequence, they expressed the belief that this 
test IS worthy of furthei clinical study 

Large amounts of fat are present m the stools of patients with 
obstructive jaundice Muller ““ and Munk,®*^ who made the first quan- 
titative studies of this phase of fat metabolism, reported that the amount 
of fat lost in the feces varies up to 78 per cent of that included in the 
diet It IS now recognized that considerable quantities of lipid materials 
are excreted into the bowel, and m normal persons will account for 
the greater part of the fecal lipids The increased excretion of fats in 
the stool in obstructive jaundice may be due to the piesence of unab- 
sorbed fat, to an increased excretion by the bowel or to a combination 
of these factors In older to determine the origin of the fat in the feces 
of subjects with bile fistulas, Shapiro, Koster, Rittenberg and Schoen- 
heimer fed fat containing a known proportion of deuterium This 
isotope of hydrogen apparently behaves as ordinary hydrogen in metabo- 
lism and yet can be quantitatively determined in compounds containing 
it It therefore serves as an identifying “mark” for substances of which 
It is a part The proportion of deuterium in the fecal fat equated with 
that in the fat ingested should thus serve as a reliable index to the 
origin of the fecal fat It was found that of the deuterium-contammg 
fat given with the food only 30 and 35 per cent, respectively, appeared 
m the feces of the two subjects studied It was concluded from these 
analyses that the lemaining 65 to 70 per cent of the fatty acids in 
the diet was absorbed and that the greater part of the fecal fat in these 
patients originated from the fat secreted into the intestinal tract The 
subjects received 0 7 and 2 1 Gm of the deuterium-containing fat in 
the diet It appears that such small amounts of fat can largely be 
absorbed even in the absence of bile If all the food fat follows the 
course of the deuterium-contammg fat, fecal lipid in the absence of 
bile is largely endogenous If these conclusions can be confirmed, present 
day views regarding the degree of interference with absorption of fat 
produced by the absence of bile from the intestines should be modified 
The Intermedia y Metabolism of Fats — After absorption from the 
intestine the fats are stored for the most part m the fat depots of the 

55 Muller, F Untersuchungen uber den Icterus, Ztschr f klin Med 12. 
45-113, 1887 

56 Munk, J Ueber die Resorption von Fetten usw nach Abschluss der 
Galle vora Darmkanal, Virchows Arch f path Anat 122 302, 1890 

57 Shapiro, Arthur, Koster, Harry, Rittenberg, D, and Schoenheimer, R 
The Origin of Fecal Fat in the Absence of Bile, Studied with Deuterium as an 
Indicator, Am J Physiol 117 525-529 1936 
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subcutaneous omental and retroperitoneal tissues The fat is later with- 
drawn from these stores The formation of unsaturated fatty acids from 
the saturated fats of the body has been looked on as one of the initial 
stages in the process of oxidation 

The studies of Burr and Burr and of Evans and Lepovsky/® how- 
ever, have shown that unsaturated fatty acids, such as hnoleic and 
Imoleimc acid, are necessary for the growth of rats Ellis and Isbell,®® 
Ellis and Zeller and Banks and Hilditch likewise agreed that lino- 
leic acid in the body is entirely exogenous in origin This observation 
that hnoleic and Imoleimc acids must be supplied in the diet is important 
if it can be confirmed in other species of animals besides the rat and 
pig, for it seems to indicate that the body is unable to desaturate fatty 
acids Otherwise, these acids could readily be formed b}^ the desatura- 
tion of oleic acid 

In the study of this problem, as m the study of many phases of 
intermediary metabolism, questions arise in which it would be desirable 
to distinguish between those molecules of a substance which come from 
the food and are exogenous and those which are formed in the body 
and are endogenous Schoenheimer and Rittenberg have attempted to 
mark molecules of fatty acid by the use of deuterium and so to follow 
the behavior of these marked molecules in the body Unsaturated fats 
were saturated by hydrogenation with deuterium The marked satu- 
rated fats were then fed to mice At the completion of the experiment 
the animals were killed and the unsaturated fatty acids m the carcass 
were isolated These unsaturated fatty acids contained an unduly high 
proportion of deuterium, showing that some were formed by the desatu- 

58 Burr, G O , and Burr. M M On the Nature and Role of the Fatty 
Acids Essential in Nutrition, J Biol Chem 86 587-621, 1930 

59 Evans, H M, and Lepkovsky, S Vital Need of the Body for Certain 
Unsaturated Fatty Acids I Experiments with Fat-Free Diets in Which 
Sucrose Furnishes the Sole Source of Energy, J Biol Chem 96 143-156, 1932, 
Vital Need of the Body for Certain Unsaturated Fatty Acids II Experiments 
with High Fat Diets in Which Saturated Fatty Acids Furnish the Sole Source 
of Energy, ibid 96 157-164, 1932 

60 Elhs, N R , and Isbell, H S Soft Pork Studies III The Effect of 
Food Fat upon Body Fat, as Shown by the Separation of the Individual Fatty 
Acids of the Body Fat, J Biol Chem 69 239-248, 1926 

61 Elhs, N R, and Zeller, J H Soft Pork Studies IV The Influence 
of a Ration Low in Fat upon the Composition of Body Fat of Hogs, J Biol Chem 
89 185-197, 1930 

62 Banks, A , and Hilditch, T P The Body Fats of the Pig II Some 
Aspects of the Formation of Animal Depot Fats Suggested by the Composition 
of Their Glycerides and Fattv Acids, Biochem J 26 298-309, 1932 

63 Schoenheimer, R , and Rittenberg, D Deuterium as an Indicator in the 
Study of Intermediary Metabolism V The Desaturation of Fatty Acids m the 
Organism, J Biol Chem 113 505-510, 1936 
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ration of the marked fat which had been ted When unsaturated fatty 
acids labeled with deuterium were fed, the deuterium was later found 
in the saturated fatty acids obtained from the carcass These experi- 
ments therefore confirm in unmistakable fashion the older views that 
both the saturation and the unsaturation of fats take place in the body 
The older view of Leathes and Raper insisted that the desaturation 
of fatty acids occurs in the liver This theory was based on the obser- 
vation that the fats in the liver usually are more unsaturated than those 
in the fat depots 

Various other explanations for this observation have been advanced, 
for the metabolism of unsaturated fats is not understood at the present 
time Holt, Tidwell and Kirk and Artom found that they were 
better absorbed from the intestine than were saturated fats Joannovics 
and Pick showed that unsaturated fatty acids were selectively absorbed 
by the liver, and Sinclair has shown recently that the liver not only 
selectively absorbs unsaturated fatty acids when cod liver oil is fed but 
retains them for a prolonged period 

The preferential absorption and retention by the liver of other 
fat-soluble materials, such as vitamin A, and some sterols, such as 
phytol, has been discussed by Drummond and by Davies and Moore 
Unsaturated fatty acids may be absorbed from the blood stream m the 
same fashion The significance of these observations unfortunately is 
not yet clear, and further study of the role of the liver in the metab- 
olism of fats IS desirable 

64 Rittenberg, D , and Schoenheimer, R Deuterium as an Indicator in the 
Study of Intermediary Metabolism VIII Hydrogenation of Fatty Acids in 
the Animal Organism, J Biol Chem 117 485-490, 1937 

65 Leathes, J B , and Raper, H S The Fats, New York, Longmans, 
Green & Co , 1925 

66 Holt, L E , Tidwell, H C, and Kirk, C M Studies on Fat Metab- 
olism m Infants Acta paediat 16 165-176, 1933 

67 Artom, C Fat Metabolism, m Luck, J M Annual Review of Bio- 
chemistry, Stanford University, Stanford University Press, 1935, vol 4, p 199 

68 Joannovics, G , and Pick, E P Experimentelle Untersuchungen uber 
die Bedeutung der Leber bei der Fettresorption unter normalen und pathologischen 
Verhaltmssen, Wien khn Wchnschr 23 573, 1910 

69 Sinclair, R G Physiology of the Phospholipids, Physiol Rev 14 351- 
403, 1934, The Aletabohsm of the Phospholipids V The Relationship Between 
the Amount of Fat Ingested and the Degree of Unsaturation of the Phospholipids 
and Neutral Fat in the Tissues of the Rat, J Biol Chem 96 103-125, 1932, 
The Metabolism of the Phospholipids IV The Rate of Phospholipid Metab- 
olism with Special Reference to the Question of the Intermediary Role of the 
Phospholipids in Fat Metabolism, ibid 95 393-408, 1932 

70 Davies, A W , and kloore, T Vitamin A and Carotene Elimination 
of Vitamin A from Livers of Rats Previously Given Massive Doses of Vitamin 
A Concentrate, Biochem J 29 147-150, 1935 
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It has been generally accepted that fats are burned by the process 
of (3 oxidation Combustion normally is complete, but in various 
pathologic conditions associated with a deficient supply of carbohydrate 
oxidation is incomplete and ketosis results The older work emphasizing 
the importance of the liver in the formation of ketone bodies has been 
summarized by Fischler and Snapper*- Confirmatory evidence has 
been introduced by Chaikoff and Soskin,” who showed that the ketone 
bodies in the blood of a depancreatized dog will fall rapidly after 
hepatectomy Mirsky confirmed the experiments of Anselmino and 
Hoffmann showing that ketosis is produced m normal animals by the 
injection of the ketogenic principle of the anterior lobe of the hypoph- 
ysis but further reported that ketosis did not follow the injection of 
this material m eviscerated rabbits Himwich, Goldfarb and Weller 
analyzed the arterial blood and the venous blood from various organs 
and found the liver to be the most constant source of ketone bodies 

The experiments of Jowett and Quastel,'^” Edson,’’® Trowell and 
others also have shown that fatty acids are oxidized to aceto-acetic acid 
in vitro by slices of liver More aceto-acetic acid was obtained by the 
oxidation of fatty acids with even-numbered carbon chains than by the 

71 Fischler, F Physiologic und Pathologic dcr Leber nach ihrem heutigen 
Stande, ed 2, Berlin, Julius Springer, 1925 

72 Snapper, I Ueber den intermediaren Stoffwechsel der Niere, Verhandl 
d Gesellsch f Verdauungs -u Stoffwechselkr 5 92, 1925 

73 Chaikoff, I L , and Soskin, S Utilization of Acetoacetic Acid by Normal 
and Diabetic Dogs Before and After Evisceration, Am J Physiol 87 58-72, 
1929 

74 Mirsky, I A The Source of Blood Acetone Resulting from the Adminis- 
tration of the Ketogenic Principle of the Anterior Hypophysis, Am J Physiol 
115 424-428, 1936, Site and Mechanism of the Antiketogenic Action of Insulin, 
ibid 116 322-326, 1936 

75 Anselmino, K J , and Hoffmann, F Das Fettstoffwechselhormon des 
Hypophysenvorderlappens Nachweis, Darstellung und Eigenschaften des Hor- 
mons, Klin Wchnschr 10 2380-2383, 1931 

76 Himwich, H E , Goldfarb, W, and Weller, A The Effect of Various 
Organs on the Acetone Content of the Blood in Phlorhizin and Pancreatic Dia- 
betes, J Biol Chem 93 337-342, 1931 

77 Jowett, M, and Quastel, J H Studies m Fat Metabolism Oxidation 
of Butyric, Crotonic and B-Hydroxybutync Acids m Presence of Guinea-Pig 
Liver Slices, Biochem J 29 2143-2158, 1935 , Studies in Fat Metabolism Oxida- 
tion of Normal Saturated Fatty Acids m Presence of Liver Slices, ibid 29 2159- 
2180, 1935 , Studies m Fat Metabolism Formation and Breakdown of Aceto- 
acetic Acid in Animal Tissues, ibid 29 2181-2191, 1935 

78 Edson, N L Ketogenesis-Antiketogenesis Influence of Ammonium 
Chloride on Ketone-Body Formation m Liver, Biochem J 29 2082-2094, 1935 

/9 Trowell, O A Choline and Liver Respiration, J Physiol 85 356-374 
(Nov 22) 1935 
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oxidation of those with an odd-numbered chain This obseivation sup- 
ports the old conception of P oxidation in the oxidation of fats, but in 
addition the possibility of there being other mechanisms whereby fat 
IS oxidized must be kept in mind, for Quastel®° found eMdence for 
the oxidation of several other carbon atoms (multiple alternate oxida- 
tion) Verkade and van der Lee also found evidence for an addi- 
tional w oxidation 

These experiments stress the importance of the liver in the oxida- 
tion of fat It must not be concluded, however, that this is necessarily 
a function of the liver exclusively, for McMaster and Diur}’’ showed 
that fat may be metabolized after hepatectomy 

Fatty InfilUation of the Lwei — The amount of fat which can be 
visualized by histologic methods in an organ such as the liver does not 
necessarily correspond with the amount that can be determined by 
chemical analysis This difference has been explained by the existence 
in protoplasm of lipoprotein complexes in which the fat does not take 
up the usual stains The pathologist therefore is interested in fatty 
degeneration as evidence of cellular injury or destruction The clinician, 
on the other hand, considers the liver the chief chemical factory of the 
body and is interested in the problem of fatty infiltration as evidence 
of the transport of fat to the liver as one step in its metabolism The 
relationship between these two conditions has not yet been determined 
with certainty, but progress in the understanding of the role of the 
liver in the metabolism of fat is being made 

The clinical picture of fatty liver occurs in a great vaiiety of con- 
ditions In many of these, as in diabetic coma, the triad of Geelmuy- 
den — mobilization of fat often with lipemia, fatty liver and ketonuria 
— is readily recognizable 

The clinical picture, however, is most variable, and many factors 
must be considered Even in diabetes, enlargement of the liver with 
infiltration of fat may occur without associated ketonuria, as in the 

80 Quastel, J H Oxidation of Fatty Acids in the Liver, Arch f exper 
Zellforsch 15 57, 1934 

81 Verkade, P E, and van der Lee, J Researches on Fat Metabolism, 
Biochem J 28 31-40, 1934, Untersuchungen uber den Fettstoffwechsel, Ztschr f 
physiol Chem 225 230-244, 1934, Untersuchungen uber den Fettstoffwechsel 
Zweiseitige ^-Oxydation der durch w-Oxydation gesattigter Fettsauren enstan- 
denen Dicarbonsauren, ibid 227 213-222, 1934 

82 McMaster, P D , and Drury, D R The Relation of the Liver to Fat 
Metabolism I Respiratory Quotient m Conditions of Liver Insufficiency, Proc 
Soc Exper Biol & Med 25 151-153, 1927 

83 Geelmuyden, H C Ueber Fettwanderung, Acta med Scandinav 54 5 
1920 
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cases of Hanssen Root likewise reported four cases of diabetic 
coma with fatty liver Lipemia was observed in three, but in all four 
acute pancreatitis was present Bloom and Handelsman reported a 
marked degree of fatty infiltration of the liver in a dog, with naturally 
occurring diabetes 

Fatty infiltration of the liver can be produced in experimental ani- 
mals under a variety of circumstances Fisher and Allan, Bowie 
McLeod and Robinson noted that m depancreatized dogs treated with 
insulin in adequate dosage there nevertheless developed marked fatty 
infiltration of the liver, which eventually resulted in the death of the 
animal The addition of raw pancreas to the diet pi evented the develop- 
ment of the fatty liver McLeod likewise noted that this fatty infiltra- 
tion of the liver could be prevented by the feeding of a fat-free extiact 
of the pancreas Hershey and Soskin®® found that lecithin can be 
substituted for the raw pancreas, though Ralh, Flaum and Banta con- 
sidered pancreas more effective than lecithin Finallj, a study of the 
component parts of the lecithin molecule by Best, Ferguson and Her- 
shey showed that the administration of choline would prevent the 
fatty infiltration of the liver in depancreatized dogs 

These observations stimulated an extensive series of investigations 
dealing with fatty infiltration Feeding white rats a diet high in fat 
Best and Huntsman®- weie able to produce fatty infiltration of the 
liver Diets rich in sugar and low in fat did not have this effect Best 
and Ridout found that diets rich in cholesteiol caused fatty liver, 

84 Hanssen, P Enlargement of the Liver in Diabetes Mellitus, JAMA 
106 914-916 (March 14) 1936 

85 Root, H F Diabetic Coma and Acute Pancreatitis with Fatty Livers, 
JAMA 108 777-780 (March 6) 1937 

86 Bloom, F , and Handelsman, M B Diabetes in Dogs, North American 
Vet 18 39 (April) 1937 

87 Fisher, N F Attempts to Maintain the Life of Totally Pancreatectom- 
ized Dogs, Am J Physiol 67 634-643, 1924 

88 Allan, F N , Bowie, J J , McLeod, J JR, and Robinson, W L 
Behaviour of Depancreatized Dogs Kept Alive with Insulin, Brit J Exper Path 
5 75-83, 1924-1925 

89 Hershej', J M , and Soskin, S Substitution of “Lecithin” for Raw 

Pancreas in the Diet of the Depancreatized Dog, Am J Physiol 98 74-85, 1931 

90 Ralli, E , Flaum, G , and Banta, R J Results of Feeding Lecithin and 
Pancreas in Depancreatized Dogs on Liver Fat and Its Saponifiable and Unsa- 
ponifiable Fractions, Am J Physiol 110 545-551, 1935 

91 Best, C H , Ferguson, G C, and Hershey, J M Choline and Liver 
Fat in Diabetic Dogs, J Physiol 79 94-102, 1933 

92 Best, C H , and Huntsman, M E The Effects of the Components of 
Lecithin upon Deposition of Fat in the Liver, J Physiol 75 405-412, 1932 

93 Best, C H , and Ridout, J H Choline and Fatty Liver, J Phj'Siol 84 
7P, 1935 
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and Blatherwick, Medlar, Bradshaw, Post and Sawyer ° obtained 
similar results by feeding liver itself 

The fatty deposits in the liver produced by a diet with a high fat 
content consists chiefly of neutral fats According to Best, Channon 
and Ridout,°° diets with a high cholesterol content produce an increase 
in both neutral fat and cholesterol, with a decrease in the phosphatide 
fraction Channon and Wilkinson found that the fat content of the 
liver inci eases more leadily after the feeding of saturated fats than 
when unsaturated fats are fed Kaplan and Chaikoff also found 
that the fatty infiltration of the liver in depancreatized dogs is due to 
an increase in the neutral fats and to a lesser extent m cholesterol, with 
little or no change in the phosphatides 

In various papers Best and his associates reported that choline 
reduces or prevents the fatty infiltration of the liver when high fat diets 
are fed In reviewing the problem. Best stated that the administration 
of choline does not alter the rate of absorption of fat, nor does it affect 
the amount or character of the deposited fat, noi is there evidence at 
present that it increases the oxidation of fat in the liver Best and 
Ridout showed that choline rapidly decreases the amount of neutral fat 
in the liver but only slowly reduces the accumulated cholesterol esters 
Beeston, Channon and Loach found that the addition of casein to a 
diet with a high fat content supplemented the effect of choline m pre- 
venting fatty infiltration 

Other methods of producing fatty infiltration of the liver have been 
studied The fatt}^ liver produced by starvation is well known Dible 
and Libman showed that the degree of infiltration is influenced by 
the nutritive state of the animal and that most marked changes do not 
occur unless large deposits of fat are present Best and Ridout found 

94 Blatherwick N R , Medlar, E M , Bradshaw, P J Post, A L, and 
Sawyer, S D Occurrence of Fatty Livers in Rats Fed Diets Containing Liver, 
J Biol Chem 97 xxxiii, 1932 

95 Best, C H , Channon, H J , and Ridout, J H Choline and Dietary Pro- 
duction of Fatty Livers, J Physiol 81 409-421 (July 31) 1934 

96 Channon, H J , and Wilkinson, H The Effect of Various Fats in the 
Production of Dietary Fatty Livers, Biochem J 30 1033-1039, 1936 

97 Kaplan, A , and Chaikoff, I L Liver Lipids m Completely Depancre- 
atized Dogs Maintained with Insulin, J Biol Chem 108 201-216, 1935 

98 Best, C H The Role of the Liver in the Metabolism of Carbohydrate 
and Fat III The Deposition of Liver Fat, Lancet 1 1274-1277 (June 16) 1934 

98a Beeston, A W , Channon, H J , Loach, J V , and Wilkinson, H Fur- 
ther Observations of the Effect of Dietary Caseinogen in Prevention of Fatty 
Livers, Biochem J 30 1040-1046, 1936 

99 Dible, J H , and Libman, J Further Observations on Fat Mobilization 
in Starvation. J Path & Bact 38 269-284. 1934 
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that the effect of starvation on the liver was abolished by feeding choline 
for some weeks prior to the starvation period but that choline given 
during the period of starvation did not prevent fatty infiltration 
Choline likewise diminished the amount of fat deposited in the liver 
after phosphorus poisoning, but according to Best, McLean and Rid- 
out,^°° it did not reduce the toxicity of the phosphorus 

The posterior lobe of the pituitary gland influences fat metabolism, 
and this subject has been reviewed m detail by Raab Mukerji and 
van Dyke reported that the fatty infiltration of the liver which fol- 
lows a single injection of pitressin is not prevented by the administra- 
tion of choline 

A new aspect of the aforementioned work has arisen with studies 
by Van Prohaska, Dragstedt and Harms on the fatty infiltration of 
the livers of depanci eatized dogs They show that the changes in the 
liver were not due to the loss of the external pancreatic secretion, 
though Berg and Zucker previously had reported that damage to the 
liver followed the production of a pancreatic fistula Von Prohaska 
and his associates demonstrated further that the small amount of 
raw pancreas needed to prevent the changes in the liver contained such 
a small amount of choline or lecithin that these constituents could not 
have been responsible for its effect in preventing fatty infiltration 
Dragstedt, Van Prohaska and Harms later isolated a fat-free alcohol- 
soluble substance from the pancreas, which they called the “hpocaic 
hormone ” When fed to dogs this material prevented the liver from 
becoming infiltrated with fat These authors found that depancreatized 
dogs still required the substance after hypophysectomy despite improve- 
ment in the dietary status This new work brings up the necessity of 
further study of the action of choline in its relation to the pancreatic 
hormone 


100 Best, C H , McLean, D L , and Ridout, J H Choline and Liver Fat 
in Phosphorus Poisoning, J Physiol 83 275-284 (Feb 9) 1935 

101 Raab, W The Role of the Pituitary Posterior Hormone in Fat Metab- 
olism, Endocrinology 14 385-388, 1930 

102 Atukerji, B , and van Dyke, H B The Effect of the Pressor Principle 
of the Posterior Lobe of the Pituitary Body on the Liver-Fat After the Feeding 
of Choline Chloride, Chinese J Physiol 9 69-76, 1935 

103 Dragstedt, L R , Van Prohaska, J , and Harms, H P Observations 
on a Substance in Pancreas Which Permits Survival and Prevents Liver Changes 
in Depancreatized Dogs, Am J Physiol 117 175-181, 1936 

104 Berg, B N , and Zucker, T F Liver Changes After Deprivation of 
External Pancreatic Secretion, Proc Soc Exper Biol & Med 29 68-70, 1931 

105 Van Prohaska, J , Dragstedt, L, and Harms, H P The Relation of 
Pancreatic Juice to the Fatty Infiltration and Degeneration of the Liver in the 
Depancreatized Dog, Am J Physiol 117 166-174, 1936 
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Kaplan and Clmikoft have studied the size and composition of 
tile liver of a normal dog and of dogs under a variety of abnormal 
conditions, including depancreatized, hypophysectomized, hypophy- 
sectomized-depancreatized, phlorhizin-treated and thyroid-fed animals 
The composition of the liver varied widely m these different conditions 
However, the absolute amount of water and protein in the liver was 
lelatively constant and was not affected by changes in the amount of 
either glycogen or fat 

These results suggest that the absolute amount of the active func- 
tioning protoplasm of the liver does not change in such acute expeii- 
ments and that the changes in fat or glycogen represent the addition 
or subtraction of reserves which only indirectly affect the activity of 
the living protoplasm The experiments of Addis, Poo and Lew 
supplement these studies by indicating that so fai as protein is con- 
cerned the liver may also be a storage depot for use in time of need 

This point of view is particulaily important, since a great many 
previous experiments have been interpreted as showing not only that 
the deposition of glycogen in the liver is associated with the retention 
of considerable amounts of water but that there is also a considerable 
antagonism between the deposition of glycogen and that of fat 
Nagao,^°® for example, found that the intravenous injection of fat pro- 
duces a deposition of fat associated with disappearance of glycogen 
from the liver 

It has been recognized previously that depancreatized dogs show an 
increase in dextrose-tolerance when fatty infiltration of the liver occurs 
Best, Huntsman and Young, on the other hand, insisted that the 
apparent increase m the sugar tolerance in these dogs antedates the 
deposition in fat m the liver and that instead of there being an 
antagonistic relationship between the glycogen and fat of the liver, the 
derangement of both phases of metabolism is due to the same cause, 
a disturbed hepatic function which affects first the metabolism of sugar 
and later the metabolism of fat These questions are of direct clinical 
importance with regard to both the causation and the significance of 
fatty infiltration of the liver, and it is hoped that definitive experiments 
which answer some of these questions conclusively will soon be 
lepoited 

106 Kaplan, A , and Chaikoff, I L The Relation of Glycogen, Fat, and 
Protein to Water Storage m the Liver, J Biol Chem 116 663-682, 1936 

fb7 Addis, T , Poo, L J , and Lew, Protein Loss from Liver During 
a Two Day Fast, J Biol Chem 115 117-118, 1936 

108 Nagao, S The Penetration of Glycogen and Fat into the Parenchyma 
as Antagonistic Processes, Tohoku J Exper Med 24.555-564, 1934 

109 Best, C H , Huntsman, M E , and Young, F G The Effect of Diets 
Low m Choline, and of Choline Feeding, on the Glycosuria of the Depancreatized 
Dog, J Physiol 85 8P, 1935 
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THE METABOLISM OE AMINO-ACIDS AND AMMONIA IN 
DISEASE or THE LIVER 

The importance of the liver in protein metabolism has been 
repeatedly and conclusively demonstrated Kirk has recently 
reported the study of the metabolism of ammo-acids and ammonia in 
a senes of fifty-seven cases of hepatic disease As part of the study, 
he discussed the analytic difficulties m the determination of these mate- 
rials and furnished good reasons for disregarding most of the published 
data bearing on this problem He found that the ammonitrogen m the 
plasma varies over the same range m patients with disease of the liver 
as m normal persons Curves for tolerance obtained by administering 
25 Gm of ammo-acetic acid likewise fell within the normal range Anal- 
ysis of urine both after fasting and after administration of 25 Gin of 
ammo-acetic acid showed that the excretion of ammonitrogen was the 
same in normal persons as m patients with hepatic disease He therefore 
concluded that m his experiments an impairment of the mechanism for 
deaminizing ammoacids could not be demonstrated The clinical value 
of tolerance tests with amino-acetic acid was questioned accordingly 

The concentration of ammonia in the blood normally is low, varying 
from 0 013 to 0 050 mg per hundred cubic centimeters Normal values 
were obtained m hepatic disease, with the exception of cirrhosis In 
cinhosis, on the other hand, the fasting concentration was increased, and 
it increased even more remarkably after the administration of 
ammonium citrate Kirk reported additional evidence indicating that 
the ability to synthesize urea from ammonia was unimpaired The 
concentration of ammonia m the blood of the portal vein is much 
greater than that in the peripheral blood stream, but the ammonia nor- 
mally IS almost completely removed by the liver In persons with hepatic 
cirrhosis, who have a well developed collateral circulation, enough portal 
blood IS shunted around the liver to afifect the concentration of ammonia 
in the peripheral blood stream Kirk therefore concluded that the 
determination of the ammonia in the blood in cirrhosis aflfords no 
information regarding the functional state of the livei but does furnish 
a method for studying the development of collateral circulation m such 
a case 

SYPHILIS OF THE LIVER 

The many and varied types of hepatic lesion that have been ascribed 
to syphilitic infection were reviewed by O’Leary, Greene and Rown- 
tree in 1929 The gumma is the one hepatic lesion that is universally 

110 Kirk, E Ammo Acid and Ammonia Metabolism in Liver Diseases, 
Copenhagen, Levin & Munksgaard, 1936 

111 O’Leary, P A , Greene, C H, and Rowntree, L G Diseases of the 
Liver VIII The Various Types of Syphilis of the Liver with Reference to 
Tests for Hepatic Function, Arch Int Med 44 155-193 (Aug) 1929 
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accepted as being syphilitic in origin, but it seems probable that syph- 
ilitic disturbances of the liver are far more frequent than would be 
indicated by the incidence of hepatic gumma 

Biskind, Epstein, and Kerr in 1934 reported a study of the bengal 
rose test for hepatic function m a series of one hundred and fifty-two 
syphilitic persons Aftei excluding all those m whom there was clinical 
evidence of hepatic involvement, they reported that functional distur- 
bance could be demonstrated in over 17 per cent Similar results were 
reported in 1936 by Kellogg, Epstein and Kerr These results are 
most important if the}'' can be confirmed by other methods, for they 
indicate a frequency of hepatic injury far higher than is usually accepted 
A detailed survey of the literature, with especial refeience to the 
factors responsible for jaundice m syphilis, was reported by Sagei 
with particular reference to the role of arsphenamine He reported 
that transient slight jaundice is occasionally found in syphilitic cir- 
rhosis 01 111 gumma of the hvei, but the clinical syndrome of acute 
yellow atiophy is not found m association with tertiary syphilis 

Acute jaundice associated with the secondary stage of syphilis, the 
icterus syphiliticus praecox, was the only type recognized m the pre- 
arsphenamine era Sagei suggested that this type of jaundice m 
untreated peisons with secondary syphilis is caused by parenchymatous 
hepatic injury produced by the toxemia associated with systemic inva- 
sion by the spirochete It apparently is not due to an inflammatory 
response of the livei to the presence of the spirochete 

Jaundice has been observed in syphilitic persons with increasing 
frequency since the mtioduction of arsphenamine This increase has 
been noted both in secondary and in tertiary syphilis Experimentally, 
arsphenamine damages the liver, and jaundice may be produced in dogs 
by large doses The incidence of jaundice increases with the drug used 
Jaundice also occurs after the therapeutic use of arsphenamine in non- 
syphilitic persons Other reactions caused by arsphenamine, such as 
aisphenamine dermatitis, occasionally appear with the jaundice Sager 
therefore concluded that arsphenamine is the toxic agent responsible 
for the development of paratherapeutic or postarsphenamine jaundice 

112 Biskind, G R , Epstein, N N, and Kerr, W J Hepatic Complications 
in the Treatment of Syphilis The Rose Bengal Test as a Means of Detecting 
Disturbances of Liver Function and Its Use as a Guide in the Therapy of Syphilis, 
Ann Int Med 7 966-980, 1934 

113 Kellogg, F , Epstein, N N, and Kerr, W J Hepatic Complications 
in the Treatment of Syphilis II Incidence of Hepatic Disease in Patients 
with Untreated Syphilis and During Their Subsequent Treatment, Ann Int Med 
9 1561-1571, 1936 

114 Sager, R V Factors Responsible for Jaundice in Syphilis with Spe- 
cial Reference to the Role of the Arsphenammes, Arch Int Med 57 666-694 
(April) 1936 
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and that this type of jaundice is a separate etiologic variety distinct 
from the usual varieties of catarrhal jaundice 

THE TREATMENT OF HEPATIC DISEASE 

The treatment of hepatic disease is neither fully understood nor 
appreciated by the medical profession as a whole Treatment in gen- 
eial can be divided into four main divisions (1) general care of the 
patient apart from the disease of the liver, (2) the treatment of paren- 
chymal injury, (3) the treatment of ascites and (4) symptomatic treat- 
ment for the relief of specific symptoms 

General Care — The general care of the patient apart from the dis- 
ease of the liver is an individual question and need not be reviewed at 
this time 

The Treatment of Par enchyrnal Irrjury — 1 Dextrose The agents 
which may damage the liver are varied in the extreme, and no attempt 
will be made to catalog them There are ample experimental data as 
well as corroborative clinical evidence that a supply of glycogen is 
essential to the normal functioning of the liver When adequate 
reserves of glycogen are present, not only is the liver more resistant 
to injury but regeneration and the restoration of normal function are 
more rapid than when these reserves are depleted The glycogen supply 
of the liver is normally built up from the carbohydrate in the food 
Such expenments as those of Tsai,^^® Butsch^^^ Salter, Robb and 
Scharles show that glycogen is formed equally well from dextrose 
given by vein and from that administered orally London,’^^® Tsai and 
Yi,^®“ Olmsted and Reed and Giragossintz and Olmsted,^®® on the 

115 Bollman, J L , and Mann, F C Experimentally Produced Lesions of 
the Liver, Ann Int Med 5 699-712, 1931 Ivy, A C and Crandall, L A 
Liver and Bile, in Luck, J M Annual Review of Biochemistry, Stanford Uni- 
versity, Stanford University Press, 1936, vol 5, pp 427-447 

116 Tsai, C Carbohydrate Metabolism of Liver Glycogen and Other Car- 
bohydrates in Decapitate Cats, Chinese J Physiol 7 215-226 (Dec 15) 1933 

117 Putsch, W L Glucose Tolerance and the Glycogen Storage Capacity 
of the Dog, Am J Physiol 108 639-642, 1934 

118 Salter, W T , Robb, P D , and Scharles, F H Liver Glycogen 
from Derivatives of Glucose, J Nutrition 9 11-23, 1935 
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Sugar After Glucose Administration, Proc Soc Exper Biol & Med 32 668- 
670, 1935 
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other hand, found that the dextiose content of the blood from the 
hepatic vein is greater than that of blood from the portal vein even at 
times Avhen glycogen is being deposited in the liver These results 
seem to indicate that glycogenolj'^sis by the liver and the liberation of 
dextrose into the hepatic veins are a continuous piocess These investi- 
gators suggest that the hepatic glycogen may not be formed directly 
from the dextrose in the blood but from some other glycogenic sub- 
stance 

Experience has demonstrated that an ample intake of carboltydrate 
ordinarily will result in the deposition of glycogen in the liver A 
high carbohydrate diet therefore is indicated m the treatment of acute 
injury of the liver and is usually used in jaundice When the patient is 
able to eat, there is no reason why the carbohydrate should not be 
administered orally in a high carbohydrate diet The general rule in 
such cases, as exemplified by the reports of Althausen and Jonesd"^ 
is to supply between 300 and 500 Gm of caibohj-drate When the 
patient cannot eat such a diet, other methods of supplying carbohydrate 
must be sought When weakness, anorexia or coma make feeding 
unsatisfactory, tube feeding should be tiied When a duodenal tube 
can be put in place, the administration of liquids in a continuous diip 
IS most satisfactoiy 

Enemas of dextrose have not been satisfactory in our hands, for 
after the initial trial they are poorly retained and cause much discom- 
foit 

A 5 pel cent solution of dextrose may be given by hypodermoclysis, 
but the total amount which may be given in this way is small, and unless 
the patient is badly dehydrated the dextrose is accompanied by an undul)- 
large volume of water The intravenous infusion of a solution of dex- 
trose in concentrations of from 10 to 25 per cent has come to be the 
method of choice for supplying it to the patient with acute disease of 
the liver 

The continuous intravenous infusion of a solution of dextiose as 
reported by Hendon and others is occasionally of value Technical 
difficulties, particularly with regard to preventing thrombosis or occlu- 
sion of the vein, however, militate against its use except under special 
conditions 

It has been suggested that whenever a solution of dextrose is 
administered intravenously insulin should be given to insure the utihza- 

122a Martin, L Jaundice Methods of Diagnosis and Treatment of Its 
Causes, Bull Johns Hopkins Hosp 59 78-98, 1936 

123 Althausen, T L Dextrose Therapy in Diseases of the Liver, J A 
M A 100 1163-1167 (April IS) 1933 

124 Jones, C M The Treatment of Acute Hepatic Insufficiency and Its 
Relation to Prognosis, Am J Digest Dis & Nutrition 3 624-629, 1936 

125 Hendon, G A Experiences with Venoclysis, Ann Surg 91 753-760, 1930 
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tion of the dextrose Oui experience has indicated that except in dia- 
betic patients little dextrose is excreted in the urine after its intravenous 
administration This loss is reduced but not abolished by the simul- 
taneous injection of insulin, and it may be concluded that the insuhno- 
genic function of the pancreas is unimpaired in the great majority 
of patients with hepatic disease In fact, Althausen warns that the 
continuous intra\enous injection of dextrose should be decreased gradu- 
ally and not stopped abruptly, because of the danger of insulin shock 
in consequence of the stimulation of production of insulin by the dex- 
trose 

2 Protein in the Diet Meat and meat extracts should be eliminated 
from the diet of all patients with severe hepatic disease The dangei 
of meat intoxication in dogs with an Eck fistula was emphasized by 
Fishier Bollman and Mann pointed out that dogs on a high meat 
diet showed more extensive necrosis of the liver after carbon tetia- 
chloride poisoning than did dogs on a high carbohydrate diet Further- 
more, they pointed out that m dogs with severe hepatic injury the 
development of ascites can be precipitated by the administration of meat 
or meat extracts 

The protein intake should not be restricted too rigidly One of us 
(C H G®-) reviewed the evidence indicating that the liver is active in 
the formation of the serum protein and pointed out that evidences of 
a reduction in the serum protein or a change in the albumin-globulin 
ratio or both was found in many patient’s with hepatic disease The 
majority of papers have stressed the toxicity of meat rather than that 
of protein We therefore doubt the advisability of reducing the piotein 
in the diet below 1 Gm per kilogram of body weight, especially if that 
protein is given m the form of eggs and milk or dairy products 

The palatabihty of the diet is important, especially when it is neces- 
sary for the patient to follow a prescribed regimen for a prolonged 
period Meat is most valuable in affecting the palatabihty of the diet, 
and we believe that many patients Avith cirrhosis follow then diet better 
if small amounts of meat are allowed occasionally 

3 Fat m the Diet If large amounts of carbohydrate are given in 
the diet, the fat will automatically be reduced Many physicians believe 
that a fat-free diet is essential Howe\er, butter and cream and egg 
jolks usually aie well tolerated by the patient with hepatic disease and 
need not be eliminated from the diet, even though they do supply a 
modicum of fat 

Hepatic injurj or jaundice induced by arsphenamine represents a 
special group Craven has shown that when dogs kept on a high 

126 Cra^en, E B The Importance of Diet in Preventing Acute Yellow 
Atrophj During Arsphenamine Treatment, Bull Johns Hopkins Hosp 48 131- 
142, 1931 
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fat diet are gnen arsplienamiiie there is less hepatic necrosis than in 
dogs on a high carbohydrate diet It is to be hoped that this question 
will be reinvestigated in detail and the applicability of these studies to 
patients be proved Cross and Blackford have shown the develop- 
ment of severe hypoglycemia in subacute yellow atrophy of the liver 
secondaiy to administration of arsplienamiiie The indications for the 
selection of a high fat or a high carbohydrate diet in such cases aie not 
clear at the present time 

4 Calcium Therapy The experiments of Minot and of Cutler 
have shown that the hepatic necrosis of carbon tetrachloride poisoning 
in dogs may be diminished by the administration of both calcium and 
dextrose Part of the benefit observed may be due to the action of 
calcium m neutializing the effect of guanidine and i elated compounds, 
which are toxic and part to a hastening of glycogenolysis 

Most interesting aie the recent experiments of Foibes, Neale and 
Scherer dealing with the isolation of a compound of commercial liver 
extracts vdiich protects the liver from the toxic effects of carbon tetra- 
chloride 

The Treatment of Ascites — The medical management of ascites is 
piimarily a pioblem of the effective use of diuretics, a topic which has 
been thoi ouglily reviewed by Hayman and by Keith They pointed 
out that the diuretics of greatest value in the treatment of ascites are 
mercurial compounds, acid-producing or potassium salts and purine 
diuretics 

The Addison pill of ancient lineage, containing digitalis, squill and 
meicury, is still a popular diuretic for the treatment of ascites, but the 
gieatest usefulness is found in organic compounds of mercury, such 
as merbaphen, salyigan and mercurin (the sodium salt of trimethyl- 
cyclopentane-dicarboxyhc acid-methoxymercuryhydroxideallylamide) 

Numerous organic mercurial diuretics have been reported, but 
accumulated clinical experience indicates that of the group described 
salyrgan and meicurin have the greatest diuretic effect and produce 
minimal toxic symptoms The usual practice is to give 0 5 cc intra- 

127 Cross, J B , and Blackford, L M Fatal Hepatogenic Hypoglycemia 
Following Neoarsphenamine, J A M A 94 1739-1742 (May 31) 1930 

128 Cutler, J T The Influence of Diet on Carbon Tetrachloride Intoxica- 
tion in Dogs, J Pharmacol & Exper Therap 45 209-226, 1932 

129 Forbes, J C , Neale, R C, and Scherer, J H A Liver Preparation 
Protecting Against Necrosis from Chloroform or Carbon Tetrachloride Adminis- 
tration, J Pharmacol & Exper Therap 58 402-408, 1936 

130 Hayman, J M The Clinical Use of Diuretics, JAMA 107 1937- 
1941 (Dec 12) 1936 

131 Keith, N Af The Action and Use of Diuretics with Especial Refer- 
ence to Afercurial Compounds, J A AI A 107 2047-2051 (Dec 19) 1936 
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venously as an initial trial dose If theie are no toxic eftects, 2 cc is 
given every three or four days as long as there is a satisfactory diuretic 
response The meicurial compounds are iriitating, and care must be 
used 111 making the injection, else there is danger of subcutaneous 
necrosis They may be given intramuscularly, but this method of 
administration is usually painful and not as satisfactory as the intra- 
venous route Recently both mercurm and salyrgan have been supplied 
in suppositories foi rectal administration containing 0 5 Gm of the 
mercurial salt Parkinson and Thomson,^®^ Pulton,^®® Flexner and 
others have reported satisfactory diuretic response to the use of such 
suppositories, especially in cases of cardiac edema 

Mercurial diuretics are contraindicated or should be used with 
extreme caution in acute nephritis or in the presence of renal insuffici- 
ency with incipient uremia When used with discretion and care in 
properly selected cases, they may be given over long periods without 
any evidence of renal injui)'' However, the possibility of renal injury 
should not be forgotten, and the physician must be on the lookout foi 
evidences of its appearance This danger is not eliminated by the 
introduction of the mercurial suppository, for one of us (C H G ) 
has observed a case in which temporary anuria resulted from the 
administration of a mercurm suppository 

The various inorganic acid-producing salts have a moderate diuretic 
action of their own, but they show an even more sti iking effect in aug- 
menting the diuretic action of the organic mercurial compounds The 
most effective acid salts have been ammonium chloride and ammonium 
nitrate Keith has also stiessed the value of potassium nitrate Large 
doses of these \arious compounds are required, the recommended daily 
dose being ammonium chloride 9 Gm , ammonium nitrate 12 Gm and 
potassium nitrate 12 Gm They all are irritant to the stomach and may 
produce vomiting , so they are best administered at meal time in 0 5 Gm 
enteric-coated pills The most marked acidifying effect of ammonium 
chloride is of relatively short duration, being greatest on the second and 
third days of administration It is therefore best given mteimittently — 
as on the first three days of the week If the mercurial compound is 
given less frequently, the acid salt should be admmisteied for two days 
before and throughout the day the mercurial compound is injected 

The purine or xanthine diuretics, theophylline, theobromine and 
caffeine or their derivatives, usually are effective m the order named 
The^ are of less impoitance in the tieatment of ascites due to portal 

132 Parkinson, J , and Thomson, W A R A Mercurial (Nouvurit) Sup- 
positor\ as a Diuretic for Cardiac Edema, Lancet 1 16-19 (Jan 4) 1936 

133 Fulton, AI X klercurm Suppositories as a Diuretic in the Treatment 
of Edema New England J kled 214 1092-1095 (klay 28) 1936 

134 Flexner T Personal communication to the authors 
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cirrhosis than they are in caidiac diopsy Howe\er, there is some eM 
deuce that they enhance the effectiveness of the ineicurial compounds 

Hayman also reported that uiea may be an effective diuietic m 
ascites 

It is generally agreed that the most dramatic lesponse to the theia- 
peutic use of diuretic drugs occuis in cases of congestive heart failuie 
They are effective in many cases of early portal cirrhosis, but the moie 
advanced the hepatic insufficiency the less the lesponse to diuresis In 
our expel lence, some patients respond well to a diuretic regimen but 
as time and presumably the seventy of the lesion progiess the response 
lessens and finally disappears The ascites occasionally noted in acute 
hepatitis likewise lesponds pooily to treatment with diuretics 

Many investigators have suggested that the liver is active in water 
metabolism, and the aforementioned observations suggest that diuresis 
IS less easily produced, as the functional efficiency of the liver is reduced 
This view IS also supported by the observations of Jones and Eaton 
regarding the good prognostic significance of spontaneous diuresis in 
hepatic disease Most patients with cirrhosis with ascites should be on 
a salt-poor diet, and the fluid intake should be moderately restricted, 
say to 1,000 to 1,200 cc The advantages of more rigid restriction are 
usually counterbalanced by the unpalatability of the required diet and 
the consequent loss of appetite 

Purgation formerly was much used in the management of ascites 
The modern view is to relegate this t 3 ^pe of therapy to the discard, for 
the benefit is not sufficient to counterbalance the many and obvious 
disadvantages 

Paracentesis remains the measure of last resort in the management 
of ascites Frequent tapping should be avoided if possible, for much 
protein is lost in the ascitic fluid, and this loss not only increases the 
nutritional disturbance but hastens the depletion of the plasma proteins, 
a circumstance which carried to an extreme will produce peripheral 
edema and, in lesser degree, undoubtedly favor the production of ascites 
The patient with a distended, fluid-filled abdomen on the other hand is 
much more comfortable and subjectively feels much better if the excess 
of fluid IS removed by paracentesis and diuretics are used to prevent or 
delay its reaccumulation than if an attempt is made to treat the condition 
solely by medical measures 

Symptomatic Tieatimnt foi the Relief of Specific Symptoms — 
A multitude of individual symptoms that require care and attention on 
the part of the physician are observed m cases of hepatic disease Only 
a few of the more important ones will be referred to here 

lo5 Jones, C , and Eaton, F B The Prognostic Significance of a 
Spontaneous Diuresis m Acute or Subacute Disease of the Liver New England 
J Aled 213 907-918 (Nov 7) 1935 
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1 Anemia The occuirence in cases of severe hepatic disease of 
macrocytic hypeichiomic anemia with a blood picture resembling that 
seen in pernicious anemia was discussed previously Further leports 
have been published duiing the year in confirmation of these obser- 
vations Shumackei and Wintiobe,^^® and Higgins and Stasney^®" also 
leported the expeiimental production of maciocytic anemia m dogs 
in which severe and long continued hepatic damage and cirrhosis had 
been pioduced by the administration of carbon tetiachloride Fortu- 
nately this anemia ordinarily lesponds to the parenteral administration 
of livei extract, and such theiapy is indicated m any case of hepatic 
disease in which there aie evidences of an increase in the color index 
01 a change in the volume of the erythrocytes 

2 Serum Proteins The serum proteins frequently are i educed in 
poital cirrhosis In most cases there is a deficiency in serum albumin, 
with a tendenc}'^ toward an inversion of the albumin-globulin ratio 

The Takata-Ara test and similar tests produce positive reactions 
Three factors contribute to the development of these changes inter- 
ference with the production of the serum proteins by the damaged hvei , 
the depletion of serum proteins as a result of loss of protein through 
frequent tapping and the withdrawal of large amounts of ascitic fluid , a 
reduction in the protein intake as a result of either restriction of protein 
m the diet or anorexia or other digestive disturbance which prevents the 
intake or utilization of protein 

The reports of Foley, Keeton, Kendrick and Darling,^®® O’Hare 
and Driscoll,’^®® and Myeis and Keefer emphasize these difteient fac- 
tors but show that inanition or a deficient protein intake will produce a 
1 eduction m the plasma proteins without change in the albumin-globulin 
latio The reduction in the plasma proteins may be combated in pait 
by a careful increase in the protein m the diet, though the i espouse 
usually IS disappointing There usually is no direct relationship between 
the reduction m the plasma proteins and the loss in the ascitic fluid 
These investigators agree that the degree of hypoproteinemia tends to 

136 Shumacker, H B , and Wintrobe, M M Morphologic Changes in Blood 
Associated with Experimentally Produced Hepatic Damage, Bull Johns Hopkins 
Hosp 58 343-377, 1936 

137 Pliggins, G , and Stasney, J Peripheral Blood in Experimental Cir- 
rhosis of Liver, Folia haemat 54 129-144, 1936 

138 Foley, E F , Keeton, R W , Kendrick, A B , and Darling, D Alter- 
ations in Serum Proteins as an Index of Liver Failure, Proc Soc Exper Biol 
& Med 33 430-431, 1935 

139 O Hare, J P , and Driscoll, M Blood Proteins in Liver Disease, in 
Medical Papers Dedicated to Henry Asbur} Christian, Physician and Teacher, 
in Honor of His Sixtieth Birthday, Baltimore, Waverly Press, Inc , 1936, p 638 

140 Mjers, AV , and Keefer, C Relation of Plasma Proteins to Ascites 
and Edema in Cirrhosis of Lner, Arch lut Med 55 349-359 (March) 1935 
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be proportional to the degree of cirihosis and express the belief that 
it IS the consequence of a diminished production of plasma proteins by 
the damaged liver Treatment theiefore is best directed toward com- 
bating the hepatic injury In other cases, tiansfusion is indicated for 
Its value in supplying both erythrocytes and plasma proteins 

3 Pruritus Pruritus, which is one of the most distuibmg symp- 
toms of the patient with hepatic disease, has been discussed by Snell 
and Keyes The patient with obstructive jaundice often has most 
diamatic relief after the reestablishment of the flow of bile On the 
other hand, the patient with cirrhosis or chronic hepatitis who has pru- 
iitus presents a theiapeutic problem of the first magnitude Ergotamine 
taitrate, already referred to, may be of great benefit The intravenous 
administration of sodium thiosulfate in 1 Gm doses sometimes produces 
equally great lelief, as may calcium gluconate administered intraven- 
ously Small doses of histamine subcutaneousl}^ have been used by 
Ernstene and Banks in the treatment of pruritus of uiticaiial origin 
One of us (A M B ) has used it successfully for two patients with 
jaundice Duodenal drainage or mild mercurous chloride at times seems 
to stimulate the flow of bile sufficiently to reduce the intensity of the 
itching Diathermy may help Local measures, such as bran or soda 
baths or lotions or salves containing phenol or local anesthetics, usually 
give but transient benefit There seems to be no suie way of telling m 
advance which of these measuies will relieve any individual patient 
While the search is being made, the patient should be given sedatives 
in sufficiently large doses to secure rest and a modicum of comfort 

141 Ernstene, A C , and Banks, B M Use of Histamine m the Treatment 
of Pruritus Preliminar\ Report, JAMA 100 328-330 (Feb 4) 1933 
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Collected Writings By Alfred F Hess Price, $15 Pp 1443, with 127 illus- 
trations Springfield, 111 Charles C Thomas, Publisher, 1936 

To those who long knew and loved the man, who appreciated the fertility and 
the versatility of his mind, who were familiar with his work as it appeared and 
who looked forward eagerly to each new development, it is still a revelation to 
scan the 1,400 pages of the two volume “Collected Writings” of Alfred Hess 
After a foreword by Mrs Hess and a sympathetic biographic memoir by his 
friend Abraham Flexner in collaboration with E A Park, there are in chrono- 
logical order nearly 200 papers, wnth 43 omitted “in order that the volumes 
should not be too cumbersome ” 

The work is a marvelous record of achievement dominated by a personality 
that w'as in many ways unique It is no mere posthumous tribute when Park 
says that Hess w'as “the foremost investigator among pediatricians in this country 
There was no one else who could possibly be compared with him He was 
probably the foremost pediatric investigator m the world” And yet, paradoxi- 
cally, as Flexner says in his memoir “Hess was not really a master of any 
special method of investigation He w'as not a bacteriologist, a chemist, a histol- 
ogist or a physiologist Without complete equipment, therefore, m any of the 
underlying sciences he w^as nevertheless one of the very foremost investigators of 
his time m medicine One might add that he was not an outstanding clinician in 
the usual sense As revealed in these collected writings, he combined and made 
all these special technics subservient to a method that was peculiarly his own 
This has been admirably stated by Park “Hess was a great skirmisher on the 
forefront of scientific progress, with an almost uncanny eye for the point at which 
the next attack should be made, with a genius for predicting the course which 
investigation should take, with almost infallible judgment on the basis of slight 
evidence and simple experiment as to where the weak point in the armor of 
Ignorance lay It was fortunate that a man with this scouting sense was not 
held back to command a regular body of troops He blazed many paths, leaving 
other workers less daring and less imaginative to complete the work, while he 
passed on to other points of vantage” 

This IS evident in the chronological sequence of his work as shown in these 
volumes A line of investigation was taken up and followed for a time and either 
seen to a conclusion or, after the way had been pointed, left to others to pursue 
into farther ramifications As a result, one can roughly divide Hess’ work into 
epochs Beginning with a single case report and historical summary, he rapidly 
entered on a period of intensive interest in contagious diseases, notably tuber- 
culosis This was overlapped by the introduction of the duodenal catheter, with 
important demonstrations as to the pathogenesis of the hard casein curds in the 
stools of infants and the nature and flora of the pancreatic juice, and opened up 
wide avenues to further investigation This subject was abruptly dropped because, 
as Hess characteristically told this reviewer, he “was no longer interested in 
going on ivith it— others could do that ” There followed a short period of inves- 
tigation into the nature of the disorders of the blood and of capillary resistance, 
leading to the demonstration, since confirmed by Aschoff and Wolbach, that the 
hemorrhages of infantile scurvy are due to the pathologic permeability of the 
capillaries From that time on his great work, with a few deviations, dealt with 
deficiency diseases First came a brilliant series of reports on the nature, patho- 
genesis and therapy of infantile scurvj"^ This again was all but terminated when 
his comprehensive book entitled “Scunv, Past and Present” appeared m 1920 
M'lth the exception of some illuminating reports on vitamin A and dental caries, 
nearh all his later investigations centered on rickets, his outstanding single 
achieiement Discoierj after discoverjq not by chance but bj' the use of that 
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“almost uncanny eje for the point at which the nevt attack should be nia e, 
followed in rapid succession, among the most far reaching being the discoverj 
that inert substances can be made incredibly rich m vitamin by 
irradiation Again there came a comprehensive summary in a book published 
m 1929 entitled “Rickets, Osteomalacia and Tetany,” about which Finkelstein 
wrote him “Theie has been no medical book in man}'’ years which has fascinated 
me so much and has given me so much pleasure and such edification in equal 
measure by its content and form ” Much has been added to our knowledge of 
the vitamin D complex; since that time, and the last 350 pages of the Collected 
Writings” are an eloquent record of Hess’ further contributions to that subject 
His wise counsel and mature judgment, both leading and restraining, were never 
needed more, in this connection, than at the present time It is a pity that 
Nature is at times so lavish and so luthless These volumes are a fitting memo- 
rial to the great and lovable personality — a stimulating reminder to future gen- 
erations of students of medicine 

Synopsis of Clinical Laboratory Methods By W E Bray, MD Price, 
§3 75 Pp 324, with 32 illustrations and 11 color plates St Louis C V 
Mosby Company, 1936 

This book consists of sixteen chapters which cover with few exceptions those 
clinical laboratory procedures that are simple and of proved clinical value 

The first chapter discusses in a general way the procedures that are part of 
the routine of the various hospital services or which may be needed on special 
indication It gives a bird’s-eye view of the equipment and tests necessary in each 
particular field 

The second chapter is a clear and complete presentation of the routine and 
special examinations that may be made of a specimen of urine The Addis 
count, however, is omitted The third chapter deals with hematology and is fol- 
lowed by chapters on blood chemistry, gastric analysis, feces analysis, intestinal 
parasites, examination of the cerebrospinal and other puncture fluids and exami- 
nation of sputum Throughout these chapters the methods of greatest simplicity 
have been critically selected, and any method which sacrifices reasonable accuracy 
to obtain simplicity has been deleted Wherever possible the apparatus required 
IS that which may be found in a laboratory not overly elaborate and expensively 
equipped 

Tlie chapter on bacteriology is as concise and inclusive a fifty page treatise 
on the detection of pathogenic micro-organisms as one can conceive 

The chapter on water and milk analysis is only four pages long, and while 
necessarily incomplete for any one especially interested m this field, it probably 
gives sufficient information to make a satisfactory determination of the purity of 
these two liquids 

The chapter on serology is concerned entirely with the complement fixation, 
flocculation and precipitin tests for syphilis and is up to the uniformly high stand- 
ard of the rest of the book The Kolmer modification of the Wassermann test 
and the Kahn and Kline tests are recommended 

The chapters on basal metabolism and allergy tests are very short (two and 
three pages, respectively), and while they give considerable information in such 
a brief space, additional reading in these fields would be necessary to equip one 
to derive the best results from these procedures The chapter on poisons and 
foreign substances is one that under ordinary circumstances will not be needed 
often but if needed at all will be badly needed The detection of ordinary poisons 
IS here clearly described 

The chapter on surgical pathologj^ would of course require special training 
and much additional study and practice to be of much value to most physicians 
Possibly It should have been omitted The last chapter is composed of methods 
of preparation of over one hundred indicators, stains and reagents Twenty-five 
random tests of the index proved it to be 100 per cent correct 
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This book meets all the requirements of simplicity, clearness, accuracy and 
completeness that one could possibly lay down It is written not for the research 
worker but for the medical student, for the laboratory technician and for the 
physician who is keeping abreast of the times and ever doing his best to practice 
modern medicine It fulfills its purpose admirably and is hereby recommended 
to those who come within the scope of its declared purpose 

Glandular Physiology and Therapy A Symposium Prepared Under the 
Auspices o£ the Council on Pharmacy and Chemistry of the American 
Medical Association Cloth Price, $2 50 Pp 52S Chicago American 
Medical Association, 1935 

There would be no great exaggeration in saying that all proved facts concerning 
glandular physiology and therapy are contained m this volume The tone of this 
book IS definitely conservative, and it is refreshing, indeed, to read a book on this 
subject in which the limitations and ignorance in the well populated field ot 
endocrinology are so frankly admitted 

Scholarly papers set forth the results of well controlled laboratory work, and 
the success or failure of the clinical application of this work is ably discussed by 
competent clinicians 

It IS surprising that it seemed necessarj’^ to devote nearly a fourth of the book 
to a discussion of the pituitary gland, but this was a wise procedure in view of 
the extensive amount of work recently accomplished in this field together with the 
seemingly unwarranted enthusiasm on the part of clinicians to tamper with the 
pituitary gland 

The gonads receive adequate attention, including an interesting but speculative 
chapter on carcinogenesis A discussion of tests for pregnancy is included in 
this section 

The adrenal glands, thyroid and parathyroid glands, thymus and pancreas, 
including insulin therapy, are considered from a physiologic and clinical standpoint 

Gastro-intestmal principles are discussed, together with the antianemic material 
from the liver and stomach 

In the final chapter commercial glandular preparations are considered, and 
mention by name is made of commercial preparations that are thought to have 
value The preparations are described together with the bases for their probable 
value Mention is made also, but not by name, of preparations that are probably 
valueless This chapter should be read with attention by every physician who 
prescribes glandular preparations 

It IS more than likely that the enthusiastic but uncritical reader will consider 
this work far too conservative, but conservatism is needed today m endocrinology 
as well as in other fields 

Differentialdiagnose in der inneren Medizin By O Naegeli, M D Price, 
9 60 marks Pp 216, with 61 illustrations Leipzig Georg Thieme^ 1936 

This volume is the first of three which will represent the complete work of 
Naegeli on differential diagnosis m internal medicine The second part is 
scheduled to appear m 1936 and the third in 1937, the total representing approxi- 
mately 700 or 800 pages This volume is short, containing 216 pages, and is 
paper bound 

Instead of approaching differential diagnosis from the standpoint of symptoms 
alone, Naegeli prefers to proceed from a broad point of view, first identifying 
the disease as an inflammation, intoxication, tumor, lymphatic or allied disorder, 
endocrine disturbance, allergic state, avitaminosis, deficiency disease or involve- 
ment of an isolated organ, such as the heart or brain A brief discussion of each 
of these groups is given For example under inflammation the various criteria 
to establish such a diagnosis, such as the temperature, pulse rate, sedimentation 
time of the blood and leukocvtic responses, are evaluated The author then 
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plunges into a consideration of the difterential diagnosis m specific groups 
First, the anemias are considered and then polycythemia, the hemorrhagic diatheses, 
leukemias, disorders of the lymph nodes, mediastinal tumors, disturbances of t e 
salivary glands, myelopathies, ulcerative lesions of the mouth, splenic disorders 
and disturbances of the liver and biliary tract 

Under each heading the important factors m differential diagnosis are stressed 
The more important differentiations are taken up in relation to the symptom 
complex, such as isolated afebrile splenic tumor, enlargement of the lymph nodes 
and ulcerative lesions of the mouth Frequent case reports illustrate the diag- 
nostic procedure and problems at hand 

The work represents an approach to differential diagnosis that is seldom seen 
in English works One is impressed by the absence of long lists of rare causes 
of usual symptoms and delighted to see an approach to differential diagnosis as 
it IS practiced at the bedside The book should find its place as a practical 
guide to the problems of differential diagnosis 

Food and Beverage Analyses By Milton A Bridges Price, §3 50 Pp 246 
Philadelphia Lea & Febiger, 1935 

Thirty years ago the investigations of Atwater and Bryant were published as 
Bulletin 28 of the United States Department of Agriculture, and this work has 
been a classic in the realm of nutrition, having been utilized all over the world 
Since then practically nothing has been written of any moment concerning the 
analysis of foods, and this m spite of the fact that a host of new foods in various 
forms have been presented to the eating public 

Bridges has made an enormous number of original food analyses and in addi- 
tion has had made an extensive search of international data in order to collect 
in one volume the information presented in this book The result is an extremely 
complete summary of every known article of diet, at least any unusual article 
of food which the reviewer, picking at random, attempted to find absent was 
listed 

The arrangement of the material is such that the inquirer may refer to a 
given article with a minimum of trouble The size of a portion of each article 
IS given both in grams and in household measurements, and then the relative 
amount of carbohydrate, protein and fat, together with the total number of 
calories The table of foods makes up the bulk of the book, but there are also 
sections devoted to the mineral content of food and to their vitamin value One 
section deals with the composition and food values of alcoholic beverages, and 
one can find there just what is contained in a “Merry Widow” or a “Soul Kiss” 
cocktail as well as how to mix a slow gm fizz, make a mint julep or concoct a 
planter’s punch 

This volume represents a tremendous amount of work, it presents to nutri- 
tionalist, dietitian and physician accurate information conveniently arranged It 
IS difficult to see how the physician can get along without it 

Basal Metabolism in Health and Disease By Eugene F Du Bois, MD 
Third edition Cloth Price, §5 Pp 494, with 98 engravings Philadelphia 
Lea & Febiger, 1936 

Du Bois has correlated the investigations of pure science with the clinical 
problems of human metabolism He begins with the related fundamentals of 
physics and biochemistry, creates an understanding of the interplay of forces 
defining and controlling normal metabolism and then discusses the pathologic 
physiology of metabolism in disease These progressive steps are of great value 
to the student or to the practitioner whose knowledge of the fundamental sciences 
is limited, vague or out of date No attempt is made to apply data difficult of 
interpretation to the gaps in one’s knowledge of metabolism Most of the infor- 
mation catalogued is acceptable when tested by present day methods and thinkers 

The third edition of this book contains recent information on surface area and 
normal standards and incorporates work done by J D Hardy, using a new type 
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of radiometer to study loss of heat The discussion of undernutrition, obesity 
and allied states in diabetes provides the basis for intelligent dietary treatment 
of these conditions The chapter on the thyroid gland is exceptionally well 
organized The incomplete and contradictory state of the literature on the 
adrenal, pituitary and sex glands and their interrelationship has made metabolic 
studies of these conditions of little practical value The chapters on diseases of 
the blood and on diseases of the heart and kidneys could be more adequately 
correlated with the pathologic physiology of these conditions Water metabolism 
might be discussed in more detail However, despite these few criticisms the 
volume may be heartily recommended It presents authoritative information on 
metabolism m the language of the student and the clinician 

Endokrine Krankheiten By Prof Dr Hans Curschmann, Direldor d Mediziii 
Unn’- Khnik i M With a contribution by Dr med et phil Franz Prange, 
Nervenarzt in Rostock Medizimsche Praxis, Band I Second Revised 
Edition Price, unbound, 8 marks, bound, 9 marks Pp 144, with 47 illus- 
trations Dresden Theodor Stemkopff, 1936 

This book IS an abbreviation of the standard German texts on endocrinology 
and IS especially rich in photographs of patients The accounts are brief and 
accurate, but it is regrettable that in a book primarily for practitioners there should 
be inadequate discussion of certain elementary principles of therapy The indica- 
tions for surgical procedure and the proper preoperative use of iodine in cases 
of exophthalmic goiter are hardly touched on, the importance of sodium in adrenal 
insufficiency is not mentioned at all, and there is no adequate discussion of the 
essential chemical changes in hyperparathyroidism 

Grundriss der inner en Medizin By Dr A von Domarus Tenth edition 
Price, 16 80 marks Pp 681, with 63 illustrations Berlin Julius Springer, 
1936 

The number of editions through which this work has gone in its thirteen 
years of existence speaks not only for its popularity but for the keen interest of the 
author and publisher in keeping it up to date Now in its tenth edition, it main- 
tains a compactness and conciseness essential for student and quick reference use 
True to the word Grundriss the discussions of the various disease states are brief 
Tuberculosis, for example, is covered m eight pages and brucellosis in less than 
three Essential facts, however, are not omitted, and discussions of controversial 
subjects are evaded References are rarely given The general plan and style 
of previous editions are maintained 

Die einheimische Sprue By Dr K Hansen and Dr H von Staa Price, 7 80 
marks Pp 113, with 45 illustrations Leipzig Georg Thieme, 1936 

This excellent monograph, beautifully illustrated and with an extensive bibli- 
ography, covers the subject of endemic sprue There are interesting reports of 
cases, and the question of the relation of this condition to idiopathic steatorrhea 
and osteomalacia is analyzed 



ARCHIVES of INTERNAL MEDICINE 

Volume 59 1937 Number 5 

CopyHiGiiT, 1937, B\ THE Avericak Medical Association 


CLINICAL USE OF EXTRACT OF THE 
ADRENAL CORTEX 

REPORT ON THIRTY FOUR CASES OF ADDISON’S DISEASE STUDIED 
BETWEEN 1930 AND 1937, WITH A REVIEW OF 
THE LITERATURE 

CARL H GREENE, MD 

NEW YORK 

The recognition of the functions of the vaiious endocrine glands 
and of the importance of the hormones which they pioduce is one of 
the recent developments in medicine The adrenal glands, for example, 
were described by Eustachius in 1563, but nearly thiee hundred years 
elapsed befoie theie was any real insight into their physiologic activity 
In 1855 Addison pointed out the constitutional effects of disease of these 
glands and established the clinical syndrome which bears his name The 
experiments of Oliver and Schafer m 1895 paved the way for the iso- 
lation and chemical identification of epinephrine by Abel and Takamine 
a few years later 

The last-mentioned discovery focused attention on the medullary 
portion of the adrenal gland, and the majority of subsequent investi- 
gations have dealt with the functional activity of the medulla Other 
experiments, however, have been concerned with the effects of partial 
or complete extirpation of these glands These experiments, the results 
of which have recently been summarized by Britton, established beyond 
question the uniformly fatal effect of total adrenalectomy in practically 
all laboratory animals They have further emphasized the preponderant 
role of the cortical portion of the gland m the maintenance of life after 
partial adrenalectomy Epinephrine is ineffective in maintaining life 
in such animals, and efforts to isolate the active principle or principles 
from the adrenal cortex were unsuccessful for a long time Banting and 
Gairns, Rogoff and Stewart, Hartman and his associates and many 
others made pioneei investigations in this field, but the first evidence 
that the life of a totally adrenalectomized cat can be prolonged indefi- 
nitely by the administration of an extract of the adrenal cortex was 
presented in 1930 by Swingle and Pfiffner Hartman and Brownell, 
working independently of these investigators, reported similar results 

From the Department of Medicine, the New York Post-Graduate Medical 
School and Hospital 
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a few weeks later These workers used lipoid solvents for the extrac- 
tion of the active principle 

The activity of extracts prepared in this manner has been confirmed 
by numerous investigators, and it is now recognized that totally adrenal- 
ectomized animals can be kept alive and in a state of normal health 
for an indefinite period by the continuous administration of adrenal 
extracts Numerous recent investigators, among whom may be mentioned 
Swingle and Pfifitner, Grollman and Firor, Zwemer, Zwemer, Agate 
and Schroeder, and Pfiffner, Vars and Taylor, have reported the piepa- 
ration of purified extracts of gieat potency, while Kendall and his 
associates have described the crystallization of an active principle It 
IS probable, therefoie, that m the near future the chemical structuie 
of the cortical hormone will be determined and that the purified product 
will become available for general use in therapy Consequently, it is 
fitting to review the experience with the use of the present cruder 
extracts, so that it may be determined in what fields of medicine the 
purified product is likely to be of greatest usefulness 

Reference should be made to various comprehensive reviews, such 
as those of Britton, Swingle and Pfifitner, Harrop and Hartman, for 
a discussion of the effects of total adrenalectomy in experimental animals 
and of the response of such animals to the administration of a cortical 
extract No certain criterion of the degree of adrenal insufficiency 
has been described The ability of an extract to maintain a totally 
adrenalectomized animal in a state of health indefinitely is still the 
final test of its potency Swingle and Pfiffner in 1932 made the fol- 
lowing statement, which is still valid 

The real functional significance of the cortical hormone is unknown All of 
the changes reported as occurring in the organism following bilateral adrenalec- 
tomy, we regard as secondary to some at present unknown, underlying derangement 
of the animal The literature is filled with theories and hypotheses of 

adrenal function No one has yet succeeded in presenting definite, clear- 

cut, unequivocal evidence of cortical function The function of the 

adrenal cortex is a subtle and intriguing one, but the solution is not yet at hand 

Adrenal cortex extract has been used most frequently and with most 
dramatic results in the tieatment of Addison’s disease Certain fea- 
tmes of the clinical couise of this disease must be kept in mind m 
considering the effects of treatment Addison’s disease, as shown in 
the tabulation of Cuttman, is almost always due either to bilateral 
tuberculosis or to bilateral contraction (cortical atrophy) of the adienal 
glands The proportion of cases m which tuberculosis is piesent varies, 
depending on the series cited, from 70 to 85 per cent of the total num- 
ber The course of the disease usually is of progressively increasing 
sev ei ity In occasional cases the condition may be stationary for a 
long time, as in the instance (reported by Snell) in which the patient 
had been under observation for seventeen years Sooner or later, how- 
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ever, there is acute exaceibation, with crisis and death The disease 
IS usually rapidly fatal In 88 cases in which no treatment was given, 
selected fioin the recoids of the Mayo Clinic, the average length of 
life was one and eighty-two hundredths years, and in half of the cases 
the patient died within one and twenty-seven hundredths years The 
duration of life in 266 cases in which there was no treatment is given 
in the accompanying table This table includes data on the 88 cases 
from the Mayo Clinic and 178 cases the reports of which were compiled 
by Guttman It shows that only 71 4 per cent of the total number of 
patients lived more than six months, 51 3 per cent more than one year 
and 10 5 pei cent four years after the onset of definite symptoms 

Results of Obseivattons m Cases of Addison’s Disease Showing Conipaiative 
Diiiation of Illness m 34 Cases Studied fioni 1920 to 1927 tn Which 
Tieatinent with Adienal Ertiact Was Given and m 266 Cases m 
Which No T 1 eatment W as Given 



Percentage of Patients Who Survived 

Period of Survival 

Patients Receiving 

Patients Receiving 

of Patients 

No Treatment 

Treatment 

C months or more 

714 

88 2 

1 year or more 

513 

67 6 

1% years or more 

3C5 

55 8 

2 j ears or more 

31 2 

49 9 

2% years or more 

20 7 

44 0 

3 years or more 

18 4 

381 

3% years or more 

113 

35 2 

4 years or more 

10 6 

29 3 

4^ years or more 


23 5 

5 years or more 

75 


51 ^ years or more 

64 


6 years or more 

56 

18 8 

8 years or more 

45 


10 years or more 

1 5 

141 


* Prof W W Sm ingle, of Princeton University, and Dr Oliver Kamm, of Parke, Davis & 
Company, furnished supplies of extract which made the initial treatment of these patients 
possible The work of Swingle and PfiUner was aided in part by a grant from the Josiah 
Macy Jr Foundation 


The clinical com se in the usual case of Addison’s disease, as pointed 
out by Gieene, Rowntree, Swingle and Pfififner, may be divided into 
three penods 

1 The period of initial destruction of the adrenal glands or latent 
adienal insufficiency Both the clinical and the experimental obseiva- 
tions indicate that the adrenal glands possess considerable functional 
reserve Clinically recognizable signs of adrenal insufficiency, or Addi- 
son’s disease, do not appear until this reserve is seriously impaired 
or destroyed 

2 The peiiod of the recognized clinical syndrome oi partial adrenal 
insufficiency The characteristic clinical symptoms of Addison’s disease, 
namely, asthenia, pigmentation, loss of weight and strength and arterial 
hypotension, are well known Once they appear, the diagnosis is estab- 
lished In cases in which the diagnosis is doubtful, the roentgeno- 



762 


ARCHIVES OF INTERNAL MEDICINE 


graphic demonstration of calcification of the adrenal glands, as pointed 
out by Ball, Greene, Camp and Rowntree and by Camp, Ball and 
Greene, is evidence of tuberculosis of the adrenals and so is of value 
in confirming the diagnosis 

3 The terminal period of crisis or total adrenal insufficiency 
Patients with Addison’s disease ordinarily have little resistance, even 
to the ordinary stress and strain of every-day existence Intercurrent 
infection , exposure to cold or high temperatures , undue fatigue, whether 
physical or mental , gastro-mtestmal disturbance , too active purgation , 
the unwise administration of drugs, such as insulin or thyroid extract, 
and minor trauma or operation, such as dental extraction or tonsil- 
lectomy, frequently serve as predisposing factors to initiate an acute 
condition resembling shock or a period of crisis This condition is char- 
acterized by severe gastro-intestinal disturbance, nausea, vomiting, dehy- 
dration, pain, nervous irritability, circulatory collapse, low blood 
pressure, cold extremities, reduction in the output of urine and lowered 
body temperature In the secondary stage, the basal metabolic rate 
may be reduced, and the sugar content of the blood is frequently low 
In the period of crisis, these changes are more marked In addition, 
hemoconcentration is high, the blood volume is reduced, and the vis- 
cosity of the blood is increased The hemoglobin concentration, the 
urea and nonprotein nitrogen contents of the blood and the protein, 
calcium, potassium and inorganic sulfate contents of the serum are 
increased The alkali reserve, the chloride content and, as Loeb pointed 
out, the sodium content of the serum are reduced The similarity 
between the condition of a patient in the crisis of Addison’s disease 
and that of a laboratory animal after complete adrenalectomy and 
the resemblance of both these states to the condition of surgical shock 
have been pointed out many times (Gieene, Rowntree, Swingle and 
Pfiffner , Harrop , Sullivan, MacLean and Zwemer, and Swingle, Pfiff- 
nei, Vars, Bott and Parkins) 

TREATMENT OE ADDISON’s DISEASE 

The successful treatment of Addison’s disease is difficult and calls 
on the resourcefulness of the pltysician to the fullest extent It should 
be directed along four mam lines (1) treatment of the underlying 
disease, (2) protection of the patient, (3) symptomatic therapy and 
(4) specific organotherapy 

T'leafment of the Undeilymg Disease — Since in the majority of 
cases Addison’s disease is due to tuberculosis, the problem of treatment 
of this disease is primarily the problem of the treatment of tuberculosis 
It IS, indeed, fortunate that involvement of the adrenals is so infre- 
quent m tuberculosis The cause of cortical atrophy is generally thought 
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to be unknown, so that therapy is difficult Warthin, on the other 
hand, insisted that in many cases Addison’s disease is due to latent 
syphilis If this IS correct, specific therapy is possible Frank syphilis, 
though of infrequent occurrence, is perhaps the third most common 
cause of adrenal insufficiency in Addison’s disease 

Pi otection of the Patient — The sensitivity of the patient with a mild 
or moderate degree of adrenal insufficiency to the ordinary stress and 
strain of daily life and the ease and suddenness with which crisis may 
be precipitated have been mentioned To avoid such an accident, the 
patient should be protected m every way possible The danger of inter- 
current infection, physical and mental fatigue and exhaustion, gastro- 
intestinal disturbance, exposure to low or high temperatures or unwise 
medication and the importance of protection against such mishaps or, 
when they are unavoidable, of early and active treatment cannot be 
stressed too strongly 

Symptomatic Theiapy with Paiticulai Refeience to Anhydi emia and 
Shock — Anhydremia and shock dominate the clinical picture both m a 
patient in crisis and in an experimental animal after complete adrenalec- 
tomy Whethei this is due to a piimary function of the adrenal cortex 
111 the legulation of the metabolism of water and salts, as claimed by 
Zwemer , Loeb , Harrop, and Swingle, Pfiffner, Vars, Bott and Parkins, 
or whether the condition is secondary to some yet uncharacterized func- 
tion of the gland is perhaps an academic question The value of injec- 
tions of physiologic solution of sodium chloride or of Ringer’s solution in 
prolonging the life of adrenalectomized animals has been recognized since 
the work of Soddu The value of infusions of saline solution or of 
10 per cent dextrose in physiologic solution of sodium chloride in the 
treatment of patients in crisis, as pointed out by Rowntree, Greene, 
Swingle and Pfiffner, was recognized before active adrenal extracts 
were available for clinical use This is illustrated in the case reported 
by Wakefield, as well as in the cases recently described by Loeb and 
I-Iarrop I have seen several patients with Addison’s disease who did 
not do well, even though sufficient fluid and saline solution weie given 
to prevent dehydration and depletion of salt, and who improved when 
adrenal extract was given in addition A similar case has recently 
been reported by Kmcov, Zillessen and Rowntree On the other hand, 
many patients with Addison’s disease report a craving for salty food- 
stuffs, such as sauerkraut, ham, pickles and tomatoes with salt One 
such youth ate salt with as much relish as a child eats sugar The pro- 
vision of an adequate intake of fluids and salt is essential to the man- 
agement of Addison’s disease 

During the past two years, abundant evidence cited by Loeb, Atchley 
and Stahl , Loeb , Harrop , Kepler, and others has been produced to 
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show that both adrenalectomized animals and patients with Addison’s 
disease do better with an ample intake of sodium Conversely, a reduc- 
tion in the intake of sodium may piecipitate a crisis of adrenal insuffi- 
ciency and so be of diagnostic value in a case m which the diagnosis is 
doubtful 

Allers, Nilson and Kendall, Wildei and his associates, Allott, and 
Zwemer and Truszkowski have emphasized the harmful effects of reten- 
tion of potassium in adrenalectomized animals and m patients with 
Addison’s disease Not only does the clinical condition of the patient 
show a closer correlation with the degree of letention of potassium than 
with the loss of sodium but in dogs the admmistiation of potassium will 
precipitate a ciisis of acute adrenal insufficiency The most beneficial 
effects of an increased intake of sodium are not obtained m patients 
unless the intake of potassium salts is limited 

Specific Oiganotheiapy — Organotherapy is as old as the clinical 
lecognition of the disease The earlier results have been reviewed by 
Kinnicutt, Johnston and Adams The more lecent Muirhead treatment 
has been repoited severally by Rowntiee, by Snell and Rowntree and 
by Rowntree and Snell These authois leported partial success with 
the latter method, m that it afforded palliation of symptoms in some 
cases and prolonged benefit in a few Similar results were reported 
by Rogoff with the use of an extract of the adienal coitex which he 
called mterrenahn and by Goldziehei 

The most dramatic lesults of specific organothei apy have been 
obtained with the parenteral or intravenous use of active extracts of 
the type introduced by Swingle and Pfiffner and by Hartman and his 
collaboi ators The first clinical use of an extract of this type vas 
made in June 1930, when Rowntiee and I tieated a patient with extiact 
prepared by the method of Swingle and Pfiffner In January 1931 we 
lepoited on a series of 20 patients treated with the preparation of 
Swingle and Pfiffner To date, I have had peisonal experience with the 
treatment in 34 cases of Addison’s disease and, through correspondence, 
m an additional / cases which have not been reported Search of the 
literature revealed a total of approximately 200 additional cases of 
Addisons disease in which prepaiations of the adrenal cortex were 
used therapeutically ^ The results m the entire series agree and confirm 
the conclusions based on peisonal experience 

These results indicate that many analogies may be diawn between 
diabetes melhtus and Addison’s disease As the discovery of insulin 
was the final step in establishing the role of insufficiency of the islands 
of Langerhans m the pathogenesis of diabetes, the discovery of the 
cortical hormone has furnished final pi oof of the role of adrenal insuffi- 


1 The articles are listed in the bibliography 
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ciency in the pathogenesis of Addison’s disease Diabetes inelhtus 
varies in severity Cases are recognized in which the cardinal symptoms 
of diabetes are not shown but the caibohydrate tolerance is reduced 
that is, the so-called prediabetic state Mild diabetes can be controlled 
by dietary measures alone, but patients with more seveie disease do 
better if they aie given insulin in addition The dose of insulin required 
IS, in pait, a measure of the severity of the disease Insulin, furthei- 
moie, IS of the gieatest value m the treatment of diabetic coma The 
tieatment of the patient with diabetes and the necessary dose of insulin 
vary with the stage and severity of the disease In Addison’s disease, 
likewise, the plan of treatment and the necessaiy dose of adienal coitex 
extract vary with the seventy of the disease in each patient In 
Addison’s disease there is no convenient yaidstick, like the sugar content 
of the blood or urine in diabetes mellitus, with which to measuie the 
degiee of the adienal deficiency, though the necessary dose of adienal 
coitex extiact is an appioximate measure 

Tieatment of Crisis As the most evident results of the therapeutic 
use of insulin occui in the treatment of diabetic coma, the most dramatic 
effects of tieatment with adienal coitex extract have been observed in 
patients m the ciisis of acute adrenal insufficiency The sinking clinical 
changes in patients who respond satisf actoi ily to tieatment aie (1) dis- 
appeaiance of anoiexia, nausea and vomiting, leappearance of appetite 
and development of the sense of hunger, (2) relief fiom fatigue and 
inciease in stiength and endinance, (3) disappeaiance of pain and 
improvement in sleep, (4) deciease in pigmentation , (5) gam in 
»veight, (6) letuin of noimal gastio-mtestmal activity, (7) disappear- 
ance of nervous in liability and lestlessness and change in the mental 
attitude to one chaiactenzed by hope and euphoria, (8) elevation of the 
body temperatuie to a noimal level, (9) moderate inciease m blood 
piessuie when the patient is in crisis or shock and little change when 
the patient is m good condition, (10) increased resistance to infection 
or to the effect of surgical piocedure, and (11) partial or complete 
lehabilitation of the patient, with ability to woik 

The most constant and sti iking effect is the disappearance of ano- 
rexia, nausea and vomiting and of the distiessing pain in the loins that 
is piesent in so many patients with adrenal insufficiency Inciease m 
stiength and endurance appears eaily and is marked and out of pio- 
portion to the objective effects The decrease in pigmentation may 
become apparent within three or four days, but there was no change 
in many patients in the senes leported in this paper 

The immediate theiapeutic response was satisf actoiy in the majority 
of the cases in this series Variations in the results aie inevitable 
depending on the condition of the patient when he is first seen In 2 
cases the patient was in severe shock at the time of observation and died 
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before adequate supplies of the extract could be obtained One patient 
(case 15) did not respond satisfactorily and died in the hospital, though 
she was apparently given adequate treatment This experience at first 
appears to be in striking contrast to the results of the experiments of 
Swingle and Pfiflfner, who found that adrenalectomized animals, pros- 
trate and about to die of adrenal insufficiency, could be restored to 
noimal health by treatment with adrenal cortex extract Bilateral 
adrenalectomy produces acute adrenal insufficiency m an experimental 
animal with normal reserves of strength and previously unimpaired 
vitality The conditions foi lecovery of the patient with Addison’s 
disease differ from those for the recovery of the adrenalectomized ani- 
mals, for the patient suffers from a chronic ailment characterized by 
marked exhaustion and greatly reduced vitality The recuperative power 
may be greatly reduced under these conditions, and it is not surprising 
that treatment may occasionally be without avail Swingle and Pfiffner 
have also noted that if treatment is postponed unduly in experimental 
animals, recovery becomes more difficult Hartman likewise reported 
that in the terminal stage of Addison’s disease the use of cortical extract 
sometimes fails to bring about recovery, and he emphasized the develop- 
ment of an irreversible condition The question of dosage, however, 
always enters into consideration m such a case, and if the massive 
doses reported by Kmcov, Zillesen and Rowntree could be used more 
frequently, probably fewer failures would be reported 

Treatment in Cases of Complication with Acute Infection The 
susceptibility to infection of the patient with Addison’s disease and the 
importance of infection in the piecipitation of a crisis have been empha- 
sized The slightest sign of infection is a peremptory indication foi 
immediate intensive treatment with adrenal cortex extract Six 
patients in this series died as a result of intercurrent infection, usually 
of the upper lespiiatory tract In all these instances, the seriousness 
of the situation was not appreciated by the patient or his attendants 
The initial infection was considered to be mild, and active therapy was 
postponed until too late On the other hand, Rowntree, Greene, Swingle 
and Pfiffner have reported 1 instance (case 10) in which recovery from 
acute streptococcic sore throat, with bronchopneumonia, resulted from 
intensive therapy Similar lesults were reported by Kenyon in a patient 
with diphtheria and by Cantor and Scott in a patient with acute bronchi- 
tis and subsequent acute cystitis 

Treatment in Cases m Which Operation Is Performed Patients 
with Addison’s disease are extremely poor risks from the surgical point 
of view This condition can be modified by treatment, for several 
patients in this series had teeth extracted while they were receiving 
treatment, one patient underwent a minor operation on the nose, and 
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another, a plastic operation on the eyelid These minor operations 
caused no more discomfoit or reaction than i£ the patient had been in 
normal health — in striking contiast to the severe reaction which fre- 
quently characteiizes such procedures in cases of Addison’s disease in 
which no treatment is given An additional case of Addison s disease 
in association with active tuberculosis of the testis and epididymis was 
leported by Greene, Walters and Rowntree Epididymectomy and 
orchidectomy were done Adrenal cortex extract was used in the 
prepaiation of the patient for operation and was administered as a 
postoperative measure The patient made an uneventful recovery , but 
the tuberculosis was progiessive, and two years later excision of the 
left kidney was successfull}'^ undertaken Snell rej^orted that the patient 
finally died of miliary tuberculosis 

Tieatment m Cases of Partial Adrenal Insufficiency The form of 
treatment best suited to a patient with Addison’s disease who is not m 
crisis or who has been brought out of a crisis is a highly individual 
problem and must be determined m each case Some patients, such 
as a man (case 14) in the present senes, improve markedly while m 
the hospital and continue to take a small dose of adrenal cortex extract 
for two or thiee months after their discharge from the hospital At 
the tune of writing, the patient just mentioned reported that he had 
had no treatment since June 1931 and felt well Roentgenograms 
showed an area of increased density in the region of the right adrenal, 
which suggested calcification Another patient (case 5) likewise repoited 
that she was in good health, though she had had no legular treatment 
for a similar period In both these patients the pathologic process m 
the adrenals apparently was not progressive, and very few signs of 
adrenal insufficiency were shown Adenoma-like islands of hypertrophied 
cortical cells are fiequently observed m the adrenal glands m cases of 
Addison’s disease The functional activity of such regenerated tissue 
may explain the clinical improvement seen in cases such as the two 
just mentioned Unfortunately, a case of this type represents the excep- 
tion rathei than the rule More commonly, the patient regains a state 
of relative efficiency, whereby a moderate degree of activity can be 
maintained, with care and attention to the details of the daily life, a 
liberal intake of salt and fluids and supportive measures, such as have 
previously been advised after recovery fiom the initial crisis Such 
patients, however, have little reserve, are readily upset and again pass 
into crisis Recovery is possible with early and active treatment, though 
the initial vigor usually is not regained Such patients require cortical 
extract only during the period of crisis, but experience has indicated 
that recovery is more rapid and complete if treatment is continued for 
a considerable period after each attack Further, on the basis of clinical 
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evidence, the regular administration of small doses of the extract seems 
to be of value in maintaining the patient’s resistance and so preventing 
the onset of the acute relapse or crisis In cases of this type the bene- 
ficial effects of salt therapy and the use of a diet low in potassium are 
best seen The successful management of a case of Addison’s disease 
depends not on the choice of hormonal or of salt therapy but on the 
combination of the two to secure the best results 

In approximately a third of the cases in which my associates and 
I have made observations, the pathologic process apparently was active 
and the course of the illness progressively downward Temporary 
improvement can be produced by intensive therapy, but, even at best, 
the patient’s activities are extremely limited, and frequently he is con- 
fined to bed Cantor and Scott reported such a case m which they 
made observations for twenty-six months, duimg which period there 
were fourteen distinct relapses and remissions Eleven of these were 
experimentally pioduced by variations either m the dose or in the 
potency of the cortical extract which was used m therapy Similar 
results were obtained in a patient (case 28) who was studied for a 
year m connection with clinical tests of diffeient lots of cortical extract 
At present, the status of patients who require the daily administration 
of cortical extiact is truly pathetic, for few persons can afford to 
spend from $5 to $15 a day foi medicine In 2 cases m this series 
the patients deliberately discontinued treatment because of the expense 
They died shortly afterward Seven others were treated for varying 
periods, but m each case the inability to secure adequate supplies of 
cortical extiact was a factor in the fatal outcome 

The effect of treatment in this series of 34 patients, who have been 
observed for periods up to six years, is indicated m the table This 
table, constructed according to the method of Berkson, shows the total 
duration of the disease m relation to the peicentage of survivors It 
indicates that theie was an increase m the duration of the disease m the 
senes of treated patients This increase in the duration of the disease 
in response to treatment, though slight, is greater than that observed in 
any other series of cases that has been leported 

The response to treatment is perhaps better shown in the accom- 
panying chart In this chait the cases are arianged on the basis of 
the duration of the disease before treatment was undertaken For com- 
parison with these values, the curve is shown to indicate the percentage 
of survivors m the series of patients summarized in the table who had 
no treatment If the group of patients who were treated is taken as 
a whole, the duration of the disease before treatment was started corre- 
sponds approximately with the total duration of life of patients who 
received no treatment In many instances the treatment added little 
to the apparent life expectancy of the patient On the other hand 11 
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of the 34 patients were under treatment for periods longer than the 
average duration of life of those who were untreated Four are alive 
at the time of writing, and all of these persons started treatment more 
than five years ago It is probable, therefore, that in a limited group 
of cases of Addison’s disease treatment with salt and with cortical 
extract definitely increases the life of the patient 

Apart from the effect of treatment in the acute emergencies of 
Addison’s disease and the apparent prolongation of life in selected cases, 
there are several effects of therapy that may be discussed separately 
Effect on Blood Pressure The effect on blood pressure is slight, 
as compared with the other changes When the patient is in shock. 



Chart showing the results of treatment in a series of 34 cases of Addison s 
disease In this chart the areas of cross-hatching indicate the duration of the 
disease prior to treatment, and the plain areas, the duration of the illness after 
treatment L & IV means “living and well” One patient (case 22) was living 
and well m 1934 after being under treatment for four years She moved away 
and has not been heard from since, so she is charted as having died at that time 
The curve shows the percentage of survivors in a series of 266 cases m which 
no treatment was given 

the blood pressuie may be very low, and, as the shock is effectively 
combated, the blood pressuie rises, pan passu, to the lower level of 
noimal The systolic piessure then vanes between 80 and 110 mm 
Subsequent increases are slight and apparently are secondary to the 
general condition and the degree of activity of the patient 

Effect on Pigmentation The degiee of pigmentation in Addison’s 
disease bears no direct relation to the seventy of the disease, though 
it has been recognized that in the cases in which pigmentation is the 
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chief presenting sjmptom the subsequent clinical course may be slow 
and the disability slight In some of the cases a marked decrease in 
pigmentation is shown aftei treatment is started On the other hand, 
many patients respond well to treatment with adrenal cortex extract, 
and yet no change in the degree of pigmentation is noted 

Szent-Gyorgyi, in a brilliant senes of chemical studies, isolated cevi- 
tamic acid from the adienal cortex It is now accepted that this 
substance is identical with vitamin C, the antiscorbutic vitamin 
Administration of cevitamic acid is of no benefit to a totally adrenalec- 
tomized animal, but Szent-Gyorgyi expressed the belief that the sub- 
stance plays a role in the formation of pigment and stated that its 
administration causes a decrease m pigmentation in Addison’s disease 
He therefore recommended a liberal intake of the citrous fruits as part 
of the diet of patients with this disease 

Effect on Weight One of the striking effects of the administration 
of cortical extract is the disappearance of anorexia, nausea and vom- 
iting, the patient again begins to take food, and normal intestinal 
activity IS reestablished With the taking of food there frequently is 
gam in weight One patient gained 9^ pounds (4 3 Kg ) in eight 
days, and 3 patients, 10 pounds (4 5 Kg ) in one month Other patients 
showed no change in weight In general, one may state that the curve 
for weight follows the geneial condition and that gam is a good omen 
Effect on the Gonads There is much evidence to suggest a physio- 
logic relationship between the adrenal cortex and the gonads In 
Addison’s disease amenorrhea is a common symptom in women, while 
men complain of impotence Seveial women in this series reported a 
return of regular menses while they were under treatment, and the 
men reported an increase in libido and potentia Similar observations 
have been made by Hartman, Thompson and Russell, Neumann, Veran 
and others Corey and Button reported that the use of adrenal cortex 
extracts prepared by the method of Swingle and Pfiffner produces 
precocious sexual maturity m the albino rat, but Levy-Simpson, Kohn- 
Speyer and Korenchevsky were unable to confirm this observation 
Until additional evidence is produced, the changes m sexual function 
m Addison’s disease may be explained on the basis of the poor general 
condition of the patient, and the benefit derived from treatment may 
be ascribed to the improvement in the general condition of the patient 
as well as to specific stimulation of the gonads by the cortical hormone 
The cortical hormone has not yet been identified conclusively At least 
one of the crystalline fractions isolated from the adrenal gland is related, 
both chemicall}^ and physiologically, to the androgens, but the signifi- 
cance of this relationship is not yet understood Pregnancy is an infre- 
quent complication in Addison’s disease, though Rowntree and Snell 
recorded 2 instances in their series Perkins reported that a woman 
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with Addison’s disease became pregnant after treatment with cortical 
extract was started She was w’^ell during the pregnancy but passed 
into shock four hours after delivery Recovery followed intensive 
therapy wath cortical extract 

Effect of Oral Theiapy Button, Flippin and Silvette lepoited that 
the oral administiation of the cortical extract is effective m pro- 
longing the life of completely adrenalectomized cats, and GroIIman and 
Firor obtained similar results in dogs and lats The dose, however, 
was from three to five times the dose required to produce comparable 
results when given paienterally The question of expense at present 
piecludes the oral use of coitical extract On the other hand, the 
oral administration of dried adrenal coitex or of preparations such as 
the extracts employed by Rogoff and Stewart, Goldzieher or Hoskins 
and Freeman is a valuable adjunct to the injection of the cortical 
extracts Grollnian, Firor and GroIIman lecently have repoited a simple 
piepaiation of the adrenal cortex that shows marked activity wdien 
administered by mouth A piepaiation of j^roved efficiency such as this 
should have a wide field of usefulness in clinical medicine 

Effect of Overdosage The clinical picture of tumor of the adienal 
coitex IS characteristic This laises the question of possible harmful 
effects lesulting from overdoses of the cortical extiact Toxic effects 
weie occasionally noted after the administration of the extracts first 
prepared for clinical use Similar effects have been reported by Benham, 
Fisher, More and Thuigar, Thompson and Whitehead, Herman, and 
otheis These eaily reactions w’^ere apparently due to the presence of 
epinephrine or traces of protein in the extiact, and they have not been 
obseived with more highly purified preparations I have seen no symp- 
toms that could be ascribed to overdosage of the cortical extract either 
m normal peisons oi in patients with Addison’s disease Kincov, 
Zillessen and Rowntiee gave enormous doses to a patient and reported 
no untoward reaction GroIIman and Firor likewise could show no 
effect 111 animals ascnbable to an overdosage 

COMMENT 

Numeious attempts have been made to determine the relative role 
of disturbances m the function of the cortical and of the medullary 
portion of the adrenal glands m producing the symptoms of Addison’s 
disease Harrop, for instance, suggested that hypotension, hypoglycemia 
and pigmentation are associated with disturbance of medullary function 
Guttman reported that the duration of life is longest in cases in which 
pigmentation is the outstanding symptom and that cortical atrophy is 
seen more frequently than tuberculosis of the adrenals m cases of Addi- 
son s disease of a duration of five yeais or more Guttman, however, 
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was unable to establish by statistical methods any distinct relationship 
between the symptomatology of Addison’s disease and the type or the 
degree of involvement of the adrenals The variability of the symp- 
tomatology IS perhaps best explained if one consideis the chemical 
componds which have been isolated from the adrenals and which are 
supposedly specific products — epinephrine, the lactyl epinephrine of 
Kendall and his associates and cevitamic acid Finally, extracts con- 
taining the so-called cortical hormone have been prepared Other prod- 
ucts may yet be identified Variations m the clinical picture of adrenal 
disease may well be explained by variations m the extent to which the 
production of these substances is disturbed Recent woik has shown 
that the so-called cortical hormone can be extracted m greater quantity 
from the whole gland than from the coitical portion, and it is possible 
that both the medulla and the cortex of the adrenal glands are concerned 
in the pioduction of this hormone Final decision is impossible at 
present, but it the cortical hormone is defined as the substance in the 
adrenal gland which is essential for maintaining the life of totally 
adrenalectomized animals, one may state that Addison’s disease is due 
to deficiency in the supply of cortical hoimone 

THERAPEUTIC USE OF ADRENAL CORTEX EXTRACT IN CONDITIONS 
OTHER THAN ADDISOn’s DISEASE 

Effects m Noiinal Posons — I observed no definite response to the 
theiapeutic use of adrenal cortex extract m noimal persons Weinstein 
and Alarlow and Norhn and Skoglund confirmed this observation 
Hartman, Greene, Bowen and Thorn, on the other hand, repoited that 
m normal subjects injection of 1 cc of extract usuall}' produced some 
result and that from 3 to 5 cc produced an unquestioned effect which 
lasted foi several houis Within an houi after the injection the subject 
was likely to feel sleep} , unless he was engaged in some activity which 
counteracted this effect If he went to sleep, he slept soundly for an 
hour or so Whethei or not a nap was taken the subject felt more 
active in the evening and seemed to be moie alert and physically fit 
The sense of well-being was noticeably increased The night’s sleep 
following the injection of extract of adrenal cortex was moie sound, 
and the subject awoke the next day feeling more rested than usual 
This effect on sleep was not observed by a good sleeper but was evident 
111 the light sleeper When the appetite was faulty, admimstiation of 
extract of adrenal coitex seemed to stimulate it Objectively, some 
subjects showed an increase in the power to do work, as recorded on 
the ergometer This increase ranged from 50 to 500 per cent, the high 
point being reached a few days after the use of the extract was started 
There seemed to be an increase in the reserve of energy of any subject 
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who had been nervous or tired In 4 of the women the injection of 
from 3 to 5 cc of extract of adienal cortex daily foi foui or five days 
brought on menstruation from thiee to five da}s earlier than usual 

Conditions Associated with Shock — The outstanding features of the 
clinical picture presented by a completely adrenalectomized dog and by 
a patient in an addisonian crisis are characteristic of the shock and 
anhydiemia which are met m a variety of pathologic conditions m 
medical and surgical piactice This has led several investigators to 
conclude that these symptoms aie due pnmauly or secondarily to a 
deficient supply of the cortical hormone (Zwemer, Harrop and Swingle 
and his associates) I am acquainted with 1 case of paitial intestinal 
obstruction, with vomiting, dehydiation and shock, in which marked 
improvement resulted from the use of cortical extiact Satisfactory 
therapeutic response to the use of coitical extiacts in the treatment of 
shock due to acute intestinal intoxication m infants has been reported 
by MacLean, Sullivan and Zwemer, in cases of shock due to seveie 
burn, b}' Hartman and by Wilson, Rowley and Gray and in surgical 
shock, by Rowntiee 

Acute Infection — The impoitance of the coitical hoimone m increas- 
ing the lesistance to infection of the patient with Addison’s disease has 
been stressed Robbins reported a case in which the condition was 
diagnosed as acute hypo-adienahsm, occuiring as a sequela of acute 
sti eptococcic sole throat, and the disease lesponded to the admims- 
tiation of the extract of adrenal cortex piepaied by the method of Hart- 
man, while Hartman lepoited that the same extiact was of value in the 
treatment of postinfectious asthenia Neil, likewise, found the extract of 
value m the tieatment of asthenia in a case of chronic bacteiemia 

Bamberger and Wendt and Bei nhardt have reported beneficial results 
m the circulatory insufficiency of diphtheiia I have seen an apparently 
specific 1 espouse in cases of postinfluenzal asthenia In these diffieient 
conditions which seemed to lespond favoiably to the therapeutic use of 
adi enal cortex extract, exhaustion and musculai or cardiac asthenia were 
outstanding clinical symptoms 

Results are less suie in vaiious other acute infections Whitehead 
and Smith leported the use of cortical extract in the treatment of 1 
patient each with typhoid, undulant fever, erysipelas, lymphangitis and 
sinusitis, with appaient improvement in all instances 

Wenner and Cone reported the use of cortical extract in 28 cases 
of pyogenic infection of the sinuses of the upper respiiatory tract, with 
improvement in all instances In these reports the decision with regard 
to the therapeutic eftect of the extract was usually based on the sub- 
jective sensations of the patient Under these conditions, it is difficult 
to determine the therapeutic effectiveness of a cortical extract 
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Opoatwn Involving the Adienal Gland — Tumor of the adrenal 
cortex produces a fairly definite clinical picture, and a few cases have 
been reported in which the tumor was removed successfully The out- 
come IS not always favorable, for in a considerable number of cases 
the patient passed into shock after the operation and died, with the 
clinical picture of acute adrenal insufficiency These accidents have 
been explained by the hypothesis that hyperfunction of the tumor tissue 
produced hypofunction of the remaining normal gland and that normal 
function was not regained with sufficient rapidity after the operation 
to prevent the development of acute adrenal insufficiency I have seen 
1 such instance (subsequently reported by Walters, Wilder and Kepler, 
who have since reported 3 additional cases of this type) in which a 
diagnosis of hyperadrenahsm was made The surgeon removed a hyper- 
trophied left adrenal gland, and two days after operation the patient 
passed into shock Cortical extract was administered for five days, 
and the rest of the postoperative recovery was uneventful 

Prather also reported a similar case in which the patient passed into 
shock after the removal of a large hypernephroma and responded well 
to treatment with extract of the adrenal cortex 

MyaMhema Gravis — The response to the administration of adrenal 
cortex extract was studied in 2 cases of myasthenia gravis Hartman, 
Greene, Bowen and Thorn reported 3 cases, and Bernhardt and Levy- 
Simpson, 8 cases Improvement was not continued in any of these 
patients, though Roch, Demole and Duchosal reported benefit in 1 
instance 

Muscular Dysti opines — Hartman has treated 6 patients with pro- 
gressive muscular atrophy and 1 with muscular dystrophy with extract 
of adrenal cortex The ultimate couise of the disease was not influenced, 
though there was temporary increase in well-being Mendelson, on the 
other hand, reported a case of progressive muscular dystrophy in which 
improvement with such treatment was marked I tieated a patient with 
diffuse myositis and profound muscular weakness, but with no benefit 

Disoideis of the Thy'ioid Gland — Possible interrelations between 
the function of the adrenal glands and that of the thyroid have been 
discussed at various times Minnig lepoited that he obtained brilliant 
results with extract of adrenal cortex m the treatment of exoph- 
thalmic goiter, but he gave no details regarding the types studied or 
the results obtained Bram reported similar subjective improvement in 
12 cases of exophthalmic goiter in which the oral administration of a 
glycerin extract of the adrenal cortex was used in treatment On the 
other hand, the effect of cortical extract was studied by my associates 
and me in 4 cases of exophthalmic goiter and by Hartman and 
his co-workers in a similar number, while Weinstein and Marlow 
reported 14 cases of exophthalmic goiter and 3 cases of adenoma of 
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the thyroid with hyperthyroidism These investigators agieed that 
while in an occasional case subjective improvement might be shown, the 
metabolic rate was not afifected and that there was no significant change 
111 the clinical conditions 

There was no improvement in a case of myxedema in the present 
series in which treatment was given or m 2 cases of hypothyroidism 
reported by Weinstein and Marlow 

Effect on Asthenia — The possible beneficial effect of adrenal cor- 
tex extiact 111 various acute infections or of postinfectious asthenia 
has been discussed In such cases there is pathologic and experimental 
evidence of disturbance of the adrenals There is another group of cases 
111 which at present the condition is variously diagnosed as neurasthenia, 
psychoneurosis or chronic exhaustion and m which physical and mental 
asthenia, with great fatigability, gastro-intestinal disturbance and vas- 
cular hypotension are marked No definite pathologic changes in the 
adienal glands have been reported in such cases, but functional adrenal 
insufficiency has been postulated by many clinicians The cortical extract 
of Pfiffner and Swingle was used in 8 such cases in this study, but 
slight improvement was observed in only 1 instance Hartman appar- 
ently obtained better results with his preparation of extract of adrenal 
cortex, for he reported temporaiy improvement m 10 of 16 cases 
studied Leyton likewise reported marked improvement in suitably 
selected cases but gave no further details 

Vomiting of Piegnancy — Kemp reported 14 cases of early vomiting 
of piegnancy in which relief was obtained by the oral administiation 
of dried adrenal cortex Freeman and Melick reported the injection of 
cortical extract in a case of pernicious vomiting of pregnancy with 
relief, while Hartman, Thorn and Potter reported a case of possible 
adrenal insufficiency, noted during piegnancy, in which there was a 
response to injections of cortical extiact Stemmer, Herbrand, Ansel- 
nimo and Tone Blanco likewise reported the cortical extract of great 
value in treating vomiting or toxemia of pregnancy 

Asthma — Fineman reported on the use of cortical extract m 4 cases 
of bronchial asthma In 3 of these an increase in appetite and gam in 
weight occurred, but marked improvement in the severity of the asthma 
was observed in only 1 instance Pottenger was enthusiastic about the 
beneficial results obtained by oral therapy in 50 cases of bronchial 
asthma Cohen and Rudolph gave Rogoff’s extract of adrenal cortex 
to 4 asthmatic patients without effect The conflicting nature of these 
repoits, the uncertainty regarding the composition and potency of the 
preparations used and the oral route of administration in most cases 
make it impossible at the present time to judge of the probable thera- 
peutic value of coitical extract in asthma 
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Miscellaneous Conditions — I administei ed cortical extract in 4 cases 
of anorexia nervosa, with questionable benefit in 1 instance Its use has 
also been tried in individual cases of diabetes, benign hypertension, 
postural hypotension and erythema nodosum, with no benefit Question- 
able improvement was obtained m 1 case each of polyglandular defi- 
ciency and generalized tuberculous lymphadenitis The lattei condition, 
however, was possibly Addison’s disease Kalk reported a case of sup- 
posed hypophysial cachexia in which there was no response to pituitary 
therapy but in which the basal metabolic rate, the appetite and the weight 
increased after cortical extract was given 

Gruneberg reported improvement in 12 cases of psoriasis and in 1 
of rheumatoid arthritis Josephson leported beneficial effects m glau- 
coma and in hypertension Essenson reported similar results in epilepsy 
and various othei conditions None of these reports were sufficiently 
detailed to permit the reader to make any objective judgment of the 
lesults obtained 

CONCLUSIONS 

A series of 34 cases of Addison’s disease in which treatment with 
salt and an extract of the adienal cortex was used during the period 
from 1930 to 1937 is reported The treatment added little to the appar- 
ent life expectancy m many cases but definitely prolonged life in a 
limited group of cases The duration of the disease was more prolonged 
in this series of cases than has been reported with earlier methods of 
ti eatment 

Clinical experience has indicated that the effect of the administration 
of extract of the adrenal coitex is specific and limited in effect to 
Addison’s disease or to other conditions in which there is leason to sus- 
pect acute adrenal insufficiency In general, this i espouse has been so 
specifiic as to suggest that the therapeutic trial constitutes a reliable 
diagnostic test, an opinion which was seconded by Geill 

The recorded experience of other observers in general is in agree- 
ment Hartman and his collaboiators have repoited some benefit in a 
wider variety of conditions than is indicated in my experience That 
adrenal insufficiency m its bioadest aspects involves a variety of active 
principles has already been pointed out Variations in the composition 
of various extiacts may well explain some of the differing results 
obtained by their clinical use The isolation of these principles in pure 
state by chemists apparently will soon be attained This leads one to 
hope that it will not be long before these substances are made available 
to the physician at reasonable cost Once this is done there is reason to 
hope for a better understanding of the role of adrenal insufficiency m 
medicine and of the clinical indications for the therapeutic use of extract 
of the adrenal cortex 
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We have shown in a pievious repoit ^ that patients \\ith hypochiomic 
anemia retain large amounts of non when the closes of non and 
ammonium citrates are admmisteied by mouth The lesults weie 
obtained nith the admmisti ation of 3 Gm of non and ammonium 
citiates pei day and were not appieciably influenced by the gastiic 
acidity 01 the seventy of the anemia The piesent communication deals 
inoie specifically with the effect of these paiticulai factois on the 
retention of non uhen vaiymg amounts of the metal aie administered 

It has been shown that iron is absoibed fiom the duodenum and 
the uppei poition of the jejunum- LmtzeP stated as his belief that 
It IS absorbed only m an ionized foim and that an acid leaction is 
necessary for this ionization, and Veizar.‘ among otheis, has expressed 
a similar vieu Mettiei and Minot have shown by means of the 
1 eticulocjde i espouse that a bettei utilization of a small amount of iron 
IS obtained when it is given m an acid medium, but with laige 
amounts a satisfactory i espouse of the bone mairow will ensue, even 
though the drug is given in an alkaline solution 
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The iron ba'ance of fifteen patients with ach’orhjdna and eleven with normal 
or low gastric acidity were studied in an attempt to ascertain the effect of gastric 
acidity on tlie retention of iron All the patients with free hydrochloric acid in 
the gastric contents, even though it was present only after the administration of 
histamine, were included m the latter group The balance studies were preceded 
by a three day period of adjustment before observations were begun The balance 
periods were six days long, and the beginning and end of each was marked by 
the administration of carmine The method of study, the technical procedures and 
the precautions against contamination were given m a previous paper i 


Table 1 — Achloi liydi la 




Dally Iron 

Dally Iron 

Hemoglobin, 



Gastric 

Int ike. 

Balance, 

Gm per 


Patient 

Aciditj 

iMg 

Mg 

100 Ce 

Diagnosis 

1 

0 

10 03 

— 0 71 

7 89 

Idiopathic hypochromic anemia 

2 

0 

913 

—10 77 

810 

Hemorrhage 

3 

0 

9 06 

—11 05 

7 71 

Anemia of pregnancy 

i 

0 

10 26 

— 712 

1217 

Steatorrhea 

3 

0 

9 72 

— 7 83 

4 58 

Idiopathic hypochromic anemia 

G 

0 

11 88 

— 3 15 

3 55 

Idiopathic hypochromic anemia 

7 

0 

13 14 

+ 124 

12 51 

Idiopathic hypochromic anemia 

8 

0 

11 89 

— 9 78 

4 78 

Idiopathic hypochromic anemia 

9 

0 

11 49 

+ 2 27 

7 89 

Lend poisoning 

10 

0 

10 17 

— 4 28 

7 45 

Hemorrhage 

11 

0 

11 89 

+ 3 01 

2 36 

Hemorrhage 

Alorage 


10 SC 

— 4 379 
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Daily Iron 

Daily Iron 

Hemoglobin, 


Gastric 

Intake, 
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Gm per 


Patient 

Acidity 

Mg 

Mg 

lOO Oc 

Diagnosis 
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Normal 

10 12 
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10 20 

Hemorrhage 
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+2 20 

0 25 

Hemorrhage 
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Normal 

12 51 

+139 

7 45 

Hemorrhage 
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Normal 

12 27 

-r2C6 
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Idiopathic hjpochromic anemia 
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Normal 
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—1 19 

12 91 

Diabetes 
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9 69 
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Diabetes 
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Normal 
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+3 45 

12 62 

Arthritis 
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Normal 
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Arthritis 
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Low 

9 98 

—9 91 

4 36 

Hemorrhage 

10 

Low 

12 57 

+2 91 

5 65 

Idiopathic hypochromic anemia 

11 

Low 

12 25 

+1 67 

6 66 

Idiopathic hypochromic anemia 
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Low 
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8 45 

Idiopathic hypochromic anemia 
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Low 
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14 

Low 

12 85 

+6 30 

10 81 

Diabetes 

15 

Low 

12 85 

+4 89 

12 05 

Diabetes 

Average 


11 85 

+1 02 




The daily intake of iron and the iron balance, the hemoglobin con- 
tent of the blood in grams pei hundred cubic centimeters, and the 
diagnosis in each case are given in tables 1 and 2 The ingested iron, 
obtained from food alone, varied from 9 13 to 13 14 mg per day 
For the patients with achlorhydria the intake of iron averaged 10 86 
mg per day and foi those with free hydrochloric acid 11 85 mg 
Eight, or /2 8 per cent, of the patients with achlorhydria showed a 
negative non balance on this diet, and the average daily iron balance 
for the group was — 4 379 mg In the group of patients with free 
hydrochloric acid only five, or 33 3 per cent, showed a negative iron 
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balance and ten, 66 6 pei cent, a positive balance The average daily 
iron balance was -j- 1 02 mg This diffeience between the average 
daily non balances for the two groups indicates that achlorhydria 
diminishes the absorption of dietary non This finding is supported 
by the fact that 72 8 pei cent of the patients with achlorhydiia showed 
a negative iron balance, as compai ed with 33 3 per cent of those having 
h)'^drochloric acid in the gastric contents 

If the group of patients with achloihydiia is fuither subdivided 
so as to compai e the iron balances foi those with an idiopathic foim 
of anemia with the balance for those with anemia secondaiy to a 
chionic loss of blood, it is found that the aveiage daily non balance 
for the five patients with idiopathic h 3 'pochiomic anemia was — 4 04 
mg , whereas that for the remaining six patients was — 4 65 mg This 
variation is too slight to be of significance and demonstrates the fact 
that theie is no appieciable diffeience in the absorption of non 
by the patients with idiopathic anemia and that b}^ those with post- 


Table 3 — Avciagc Daih' Don Balance, Ef/cct of Addci^ Hydi ochJoiic Acid 



Achlorh>drm 

Hydrochloric Acid Added 


Daily Iron 



Daily Iron 

Daily Iron 

Daiij Iron 


Intake, 

Balance, 

Intake, 

Balance, 

Patient 

-Ms 

Ms 

Mg 

Mg 

1 

14 19 

-i“7 oS 

12 4S 

'4*8 47 

2 

14 07 

+712 

1313 

+2 48 

3 

12 07 

+2 23 

12 79 

— 5 07 

4 

11 91 

-4 22 

12 21 

—3 42 


hemorrhagic hypochiomic anemia when achloihydria is present in both 
We have previously shown that with the admimstiation of laige amounts 
of non by mouth the patients with idiopathic hypochiomic anemia retain 
and utilize as much iron as do patients with other types of hypochiomic 
anemia Although faulty non metabolism has been mentioned as a 
possible etiologic factoi in these cases, our observations do not suppoit 
this hypothesis 

It has been suggested by previous mvestigatois that the addition 
of hydrochloric acid increases the absoiption and utilization of non 
Table 3 gives the results obtained in four patients foi whom the iron 
balance was studied without additional acid by mouth and again with 
the addition of hydrochloric acid and pepsin These patients leceived 
200 cc of tenth-normal solution of hydrochloric acid and 0 5 Gm of 
pepsin three times daily with then meals Patients 1 and 2 of this 
group were not anemic Neither patient had fiee hydrochloiic acid 
before the administration of histamine, but both lesponded to this 
stimulation by secreting small amounts of acid Patient 1 retained 7 33 
mg of iron and with the addition of acid and pepsin retained 8 47 
mg per day The daily intake of iron in the food was slightly less 
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during the latter period Patient 2 retained 7 12 mg of iron per day 
but -with the addition of hydrochloric acid retained only 2 48 mg 
Patient 3, ^Mth idiopathic hypochromic anemia and hypochlorhydria, was 
subjected to the same procedure, and in spite of a slightly increased 
intake of non during the period of the administration of acid, the daily 
iron balance dropped from -f- 2 23 to — 5 67 mg Patient 4, with 
idiopathic hypochromic anemia and achlorhydria, showed only a slight 
increase with the addition of acid, the daily iron balance increasing from 
— 4 22 to — 3 42 mg per day The balance periods m these experiments 
lasted for twelve days, except for the second period m patient 1, which 
was only six days These experiments show two patients with a slight 
increase in the letention of iron after the administration of hydro- 
chloric acid and two with a definitely lowered retention after the same 
procedure The results are presented as evidence that the addition of 
hydrochloric acid, even in excess of the usual therapeutic dose, does 


T \BLE 4 — Avciagc Daily lion Balance (by Peiiods) zmth a Dady Intale of 
500 Mq , Effect of Added Hydi ocliloi ic Ac’d on Retention of hon 



Control 

Period 

Period 1 

Period 2 

Period 3 

Period 4 

Average dailj balance of ten patients pre- 
sented m previous paper 

—4 80 

217 93 

225 70 

202 75 

143 49 

Average daily balance of three patients 
■with achlorhydria receiving no addi 
tioml hjdrochloric acid 

—SOI 

238 48 

200 24 

351 61 

386 30 

Average daily balance of four patients 
■with achlorhjdna but receiving hvdro 
chlorio acid 

—988 

189 00 

231 73 

293 34 

200 57 


not significantly increase the retention of iron in a patient with achlor- 
h}-dria receiving a normal dietary intake of iron 

Although hydrochloric acid had no significant influence on the 
retention of iron undei these conditions, its effect was studied in 
patients receiving large amounts of iron Table 4 gives the retention 
of iron by periods for patients receiving approximately 500 mg of 
iron per day in the form of iron and ammonium citrates This table 
includes the aveiage letention of iron in ten patients presented in the 
preceding paper ^ It is to be noted that the average daily retention 
of iron in the patients with achlorhydria who did not receive hydro- 
chloiic acid was slightly greater, except for the second balance period 
than the aveiage retention foi the entire group When this same group 
of patients with achlorhydria is compared with a group receiving hj^dro- 
chloric acid and a similar amount of iron, it is seen that those without 
the additional acid retained more iron, except m the second balance 
period than did those receiving acid The differences in the amount of 
iron retained are not great but are sufficient to indicate that with a 
large intake of iron achlorhydria does not appreciably dimmish the 
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retention of non and that the addition of hydiochloiic acid does not 
significantly inciease the amount retained 

To substantiate fuither the intei pretation placed on the fore- 
going lesults, the studies of the iron balance of two patients with 
achlorhydiia who leceived 3 Gm of non and ammonium citiates per 
day aie piesented m table 5 Patient 1 retained 225 3 mg of iron per 
day, and with the same intake of non but with the addition of 60 
minims of tenth-normal hydrochloric acid to each dose of iron and 
ammonium citiates she letamed 225 15 mg pei day A second patient 
had a daily letention of 76 41 mg of iron per day for twelve days, 
but with the addition of hydrochloric acid only 64 83 mg was retained 
pel day 

Table 5 — Avetage Daily Iioii Balance tvith a Daily lufakc of 500 Mq 


Iron Bnlnncc, Mg 

A - 



r - — - - 

During Control 

During 

11 ith Addition of 

Patient 

Period 

Achlorhydria 

Hi drochloric Acid 

1 

—10 77 

-f 225 30 

+225 15 

2 

1-17 SO 

+ 70 41 , 

+ 04 83 


Tabic 6 — Avetage Daily hon Balance (by Penodi) 7ottli a Daily Intake of 
500 j\fg Effect of Hemoglobin Content on Retention of hon 



Control 

Period 

Period 1 

Period 2 

Period 3 

Period 4 

Period 5 

AiCrage dnili balance of ten 
anemic patients ^ 

Aierage daili balance of five 

—4 SO 

+217 93 

+225 70 

+202 75 

+143 40 

+ 0013 

nonancmic control subjects 
Average dailj balance of flve 

+2S7 

+282 1 5 

+18S 91 

+243 12 

+220 05 

+147 12 

patients with lowest hemo 
globin i allies 

— 1 94 

+174 02 

+170 42 

+172 99 

+ 82 79 

+ 09 30 


It has been stated that an anemic organism leans ton aid letention 
of 11011 ,° and animal experiments have demonstiated that a dog lendeied 
progiessively more anemic by repeated hemoirhages eliminates smallei 
and smallei amounts of iron while on a constant intake of iron " With 
the depletion of the stores of non in the body an inci eased avidity 
for iron might be anticipated Table 6 presents data bearing on this 
question The average daily retention of non by five nonaneniic subjects 
was gi eater during foui of the five balance peiiods than ivas the 
aveiage retention of ten anemic persons wuth the same intake, 500 mg 
of iron per day When five nonaneinic subjects weie compared with 

6 Muller, A H Die Bedeutung des Eiscns bei Anamien Die Eisenbilanz 
sekundarer Anamien unter dem Einfluss der Lebcreisentberapie, Ztsclir f d ges 
exper Med 91 585, 1933 

7 Fontes, G , and Thivolle, L Eliminatinn du fer et anemie experimentale 
Sang 6 445, 1932 
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the patients with the lowest hemoglobin content, it was seen that 
those ^\lth a normal hemoglobin value consistently letamed more non 
These data are interpreted as indicating that there is no correlation 
between the hemoglobin level and the absorption of non when it is 
admniisteied m large amounts 

A similar conclusion can be drawn from a furthei consideration 
of data m table 2 In eight of the patients whose gastric content con- 
tained free hydrochloric acid the hemoglobin level was only slightly 
1 educed The aA^erage daity non balance of these patients on a normal 
dietary intake of iron was 1 21 mg pei da)^ while the balance foi 
seven anemic patients on the same diet was -{-0 79 mg per day A 
difterence of 042 mg pei day is not significant, but the trend is in 
the same direction as that foi patients leceiving large amounts of iron 
Since similar results weie obtained under these different circumstances, 
it seems apparent that a low hemoglobin level does not inciease the 
letention of iron 

Attempts have been made foi many years to deteimine the normal 
non requiiement of man, and the recent widespread inteiest in the 
subject of hypochromic anemia has acted as an added stimulus to th^s 
investigation Reviews of pievious expeiimental work have been given 
1 ecently ® Lmtzel ® has stated that a very small amount of iron is 
lequired b) human beings and that a man weighing 70 Kg can 
be in iron balance with an intake of 1 mg per day He stated that if 
a diet AMth a constant iron content is gneii, the body soon establishes a 
late of excretion of non AA'hich agrees Avith the intake and a balance 
IS established If the diet is increased so as to contain larger amounts 
of iron, the body again becomes in balance AA'ithin tAvo days Farrar 
and Goldhamer studied four patients who had been receiving a 

constant amount ot iron (fiom 4 9 to 9 1 mg pei day) foi periods 

langing fiom forty-one to three hundied and sixteen daj^s and found 
all the patients to be in equilibrium The hemoglobin content and the 
er}throcyte counts AAeie normal at the end of this peiiod, and they 

concluded that the daily requiiement of iron is not moie than 5 mg 

Ohlson and Damn hoAAeAer in studying three normal women Avith an 
aAeiage daily intake of 13 78 mg of non, found the excietion to be 
14 95 mg pel da), a negatne balance of 1 17 mg 

We haAe detei mined the non balance for foui Avomen, tAVO Avith 
anemia and tAAm aa ith noi mal hemoglobin and erythrocyte A^alues, during 
periods of a Ioaa and of a normal intake of non These diets contained 

8 (a) The Iron Requirement of Man. editorial, J A M \ 105 1917 
(Dec 7) 19 id (b) Farrar, G E, and Goldhamer, S M The Iron Require- 
ment ot the Normal Human Adult J Nutrition 10 241, 1935 

9 Ohlson, A , and Daunt K A StudA' of the Iron Metabolism of Normal 
Women, J Nutrition 9 75 1935 


BARER-FOJVLER— ACIDITY AND IRON RETENTION 791 


fiom 3 81 to 6 67 mg of iron per day, although considerable difficulty 
was encountered in planning a palatable diet of low iron content It 
will be seen from table 7 that all the patients on the diet low in iron 
were in negative iron balance, vaiying fiom — 1 22 to — 5 15 mg 
pel day Four of these patients were then placed on a diet with a noimal 
iron content, and all of them returned to a positne balance These 
balance periods were from twelve to eighteen days long The con- 
sistently negative balance with the diet low in iron suggests that the 
daily requiiement of these subjects was in excess of 5 mg and does 
not agree with Lmtzel’s statement that the body adjusts itself to a 
state of balance after tw o days of a given intake of iron 

With the consistently negative non balance in patients on a low 
intake of iron, it is possible that such diets might lead to a deficiency of 
non and to anemia m certain cases, but from the difficulty encountered 

Table 7 — Effect of Diets zvitli Lotv and Noimal Amounts of lion on lion 

Retention 


Diet with Nonml 
Diet Lo^\ in Iron Amount of Iron 

A _ — ^ 



Dnilv Iron 

Dai!} Iron 

D.iily Iron 

Daily Iron 


Intake, 

Balance, 

Intake, 

Balance, 

Patient 

M? 

Mg 

Mg 

Mg 

1 

CGT 

— 3 lo 

14 10 

+7 33 

2 

0 74 

—4 7D 

14 07 

+712 

3 

'.“JO 

—2 05 

13 14 

+1 24 

4 

4 14 

—2 00 

12 27 

+2 GO 

5 

1 72 

-122 




m planning a diet low in non and from a comparison of this diet 
with that which had been regularly eaten by oui patients with idiopathic 
hypochromic anemia, we do not feel that it is a frequent cause of such 
anemia 

COMMENT 

These expeiiments show that patients wnth achloihydna letain less 
iron from a normal dietaiy intake of non than do patients wnth free 
hydrochloric acid m the gastiic contents This w^as evidenced by the 
average non balance in the twm groups as well as by the number of 
patients in negative balance It is appaient that this diminished reten- 
tion of iron may play a part in the etiology in certain cases of idiopathic 
hypochromic anemia, although we do not believe it to be the only 
etiologic factor 

Our results show that with a large intake of non (500 mg per day) 
the retention of iron is not influenced by the gastiic acidity and that the 
administration of hydrochloric acid, even m large amounts, does not 
increase the letention of iron The latter was tiue both with normal 
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and with large amounts of non and indicates that the admmistiation 
of hydrochloiic acid is not necessary for an adequate letention of iron 
The previous experimental evidence that an anemic organism has 
an inci eased avidity for iron and retains its iron with greater tenacity is 
none too conclusive, and the lesults of our experiments on human 
beings do not substantiate this contention Nonanemic subjects retained 
as much iron as did patients with anemia from a normal intake of 
iron as well as when laige amounts of iron were administered One 
might expect the reverse to be tiue when the reserve stores of iron are 
depleted by chronic hemorrhage, but no evidence of this was obtained 
There is much conflicting evidence in regard to the iron requiie- 
ment of normal subjects, but recent work has indicated that it is lower 
than was formerly believed Fariar and Goldhamer stated their belief 
that it is not over 5 mg per day Our results are at considerable 
variance with theiis, since five patients on a low intake of iron, 3 81 to 
667 mg pel day, weie all in negative balance and four of these patients 
who weie placed on a diet with a normal content of iron subsequently 
showed a positive balance This indicates that an intake of 6 7 mg per 
day IS not sufficient for the needs of these patients , but as we were not 
dealing with normal subjects, these results are not strictly comparable 
to those obtained in healthy subjects 

SUMMARY 

Achloihydria decreases the letention of non from a normal dietary 
intake of iron but does not influence the retention when laige amounts 
of iron are administered by mouth 

The addition of hydrochloiic acid does not increase the retention of 
iron with either a high oi a normal intake of iron 

The presence of anemia does not influence the amount of iron 
retained 

A dietai}'’ intake of iron of 6 7 mg per day is not sufficient to keep 
these patients m non balance 



GENERALIZED XANTHOMA TUBEROSUM WITH XAN- 
THOMATOUS CHANGES IN FRESH SCARS OF 
AN INTERCURRENT ZOSTER 

ADENOCARCINOMA OF THE AMPULLA OF VATER AT NECROPSY 
FRED D WEIDMAN, MD 

AND 

L NAPOLEON BOSTON, MDt 

PHILADELPHIA 

As to the seveial phases indicated in the title, theie is no suipiise 
at the development of xanthomatous chaiactenstics in a zostei lesion 
since zoster is only one membei of the list of diseases the sequelae of 
which may be fibrous , almost a dozen cases of “scai xanthomas” have 
alieady been desciibed in the liteiatuie Nevei tireless, this additional 
illustiation of the iiotoiious propensity foi xanthomatous infiltiation 
to involve granulation tissue amplifies the knowledge of the conditions 
under which the infiltration can take place It is thoioughly established 
that hypercholesterosis of itself will not guaiantee xanthomatous infil- 
tration even in the presence of pathologic fibious tissue Theie aie 
an additional a and peihnps.also y and c factois in the pathogenesis that 
remain to be sought out Befoie one can geneiahze, one needs moie 
and more data covering both the local and the geneial conditions undei 
which xanthomas develop in scais, and we feel that oui case adds one 
moie item to the accumulation 

As to the association with cancel, this was at the time of its obsei- 
vation almost unique, however, Weidman and Schaffei have lecorded 
another instance — this time in cancer of the stomach — which focuses 
attention on still another avenue for xanthomatosis and which may pei- 
haps levive inteiest m the cholesterol-cancer inteiielationships Xan- 
thosaicoma, it is true, is anothei malignant process involving a joining 
of xanthomatosis and a malignant process, but heie the situation is dif- 
feient, because the two processes are combined in the same cell and do 
not appear as sepaiate lesions The carcinomatous phase in oui case is 
especially pertinent because it laises the question of a paiticular factor, 

t Deceased 

From the Philadelphia General Hospital, and the Laboratory of Dermato- 
logical Research, University of Pennsylvania 

1 Weidman, F D , and Schaffer, H W Xanthoma of the Skin and Larynx:, 
Associated with Carcinoma of the Stomach and Regressive Xanthoma of the Pons, 
Arch Dermat & Syph 35 767 (May) 1937 
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namely, cancer, in the development of the hepatic disease of which 
xanthoma has long been established as a notorious sequel The extiemely 
high cholesterol value (1,020 mg per hundred cubic centimeters) is also 
illuminating, if only fiom the abstract quantitative standpoint 

If It IS admitted that the cancer was the primary factor m the chain 
of events leading to the xanthoma, this case also shows to what extreme 
the deimatologist may have to carry his internal medical studies if he 
would exhaust every possible etiologic possibility in a given case of 
generalized xanthoma tuberosum 

There is an additional, practical angle to our expeiience in that an 
exploratory laparotomy was performed, directed at biliar). obstiuction, 
surgery has been drafted but seldom m the therapeutic approach diiectly 
to the exciting etiologic factor in a xanthomatous process The per- 
formance of a neciopsy on our patient added much to the value of this 
report, it should stimulate more complete studies of xanthomatous 
patients in the future 

The prominence of the English in the field of necropsy, even during 
the era of Virchow, provokes thought as to whether xanthomatous 
changes are particularly common in England, and, if so, whethei English 
habits of diet and dunking are (or at least were) conducive to this 
essentiall) metabolic disease The cieation of the English Xanthoma 
Committee (Hutchinson, Sangster and Crocker -) points convincingly 
to the importance of the disease at that time 

REPORT OF A CASE 

Htstoii — Alichael M , a white man aged 44, an ice cream maker, named as his 
first symptom (August, 1926) a generalized pruritus Four weeks later, jaundice 
de\ eloped At this time the stools were of the color of clay, but they promptfi 
returned to yellow 

The xanthomatous nodules developed five months after the onset of the pruritus 
They were characteristically distributed on the elbows, knees and rims of the ears 
and at the angles of the mouth In contrast to most cases of xanthoma tuberosum, 
the palms were affected (but without inflammatory areolae as in diabetes), the 
lesions being concentrated particularly along the deeper creases Widely scatteied 
lesions occurred on the back, buttocks and extensor surfaces of the arms At the 
vertex of the skull there were several large, depressed scars, on roentgen exami- 
nation the outer plate was found markedly rarefied The patient claimed that the 
scars were the result of an old accident, but m vimv of the presence of certain other 
scars on the arms and shins, together with a positive Wassermann test of the blood, 
It was concluded that they were part of an old syphilitic process 

One of the eyes exhibited a large macule of the cornea with irregular refraction 
throughout the entire cornea A good view of the fundus could therefore not be 
obtained Within eight months the patient lost 35 pounds (15 9 Kg) 

2 Hutchinson, J , Sangster, A , and Crocker, H Report of Xanthoma Com- 
mittee, Tr Path Soc London 33 376, 1882 
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The routine detailed physical examination did not disclose abnormalities of the 
viscera except marked enlargement of the liver (it extended 8 cm below the cost'll 
border in the midaxillary line) Accordingly, the gallbladder was drained on three 
occasions (nine months after the onset of the disea'^e), and from 12 to 16 ounces 
(354 to 473 cc ) of fluid was removed 

The Zostet Lesion — The lesion developed on April 21, 1927, eight months aftei 
the onset of the disease, on the left side of the chest along the distribution of the 
seventh, eighth and ninth thoracic nerves It was quite characteristic The 
xanthomatous changes were observed in it one month later Some of the papules 
were red at that time, but on pressure showed a yellowish cast However, other 
papules were definitely yellow even without pressure At this time, a group of 
minute, punctate yellowish papules was also observed immediately below the lower 
lip They had a follicular distribution , i e , they were uniformly spaced, suggest- 
ing that the follicular orifices might have been traumatized as the result of close 
shaving, and that xanthomatous changes had developed in the microscopic scars 
which resulted 



Fig 1 • — Classic location of xanthoma tuberosum on the elbows The forearms 
are freckled 

Roentgenologic Examination — The sella turcica appeared to be normal The 
outer plate of the skull at the vertex was rarefied The gallbladder was not 
visualized in the twelve or fourteen hour period The stomach, duodenum, tibia 
and humerus (metastatic lesions^) were normal 

Laboiatoiy Eraminahons —Several examinations were made of the urine The 
specific gravity ranged between 1 008 and 1 015 A trace of albumin was observed 
several times, leukocytes and epithelial cells were sparingly found on one or two 
occasions There was no sugar 

The feces did not show blood or parasites 

Hematologic Studies The red blood cells numbered 2,910,000, and the leuko- 
cytes, 16,200 and 19,000 The hemoglobin measured 9 7 Gm 

Blood Chemistry The dextrose measured 100 mg, and the urea, 11 mg, per 
hundred cubic centimeters The van den Bcrgh reaction was positive on’ the 
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immediate test, the icteric indev was 45 The coagulation time was four and a 
half minutes, the bleeding time, two and a half minutes The Wassermann test 
of the blood was at first positive, but later negative The blood cholesterol mea- 
sured 960 and 1,020 mg per hundred cubic centimeters on two different occasions, 
yet the serum was not milky 

Electrocardiographic study gave a normal tracing 

Biopsies were performed three times (May 7, Aug 30 and Nov 28, 1927) , 
twice at an earlier stage of the xanthomatosis and once later, after the zoster had 
developed In the first specimen examined, classic xanthoma cells appeared, they 
were confined to the uppermost parts of the conum, crowding the papillae, abutting 
directly on the basement membrane above and extending around blood vessels in 
the subpapillary region and slightly deeper There v ere no giant cells 

In the second specimen taken for biopsy (from the elbow), the processes were 
found to be regressive , i e , the epiderm had become denuded, probably as the 



Fig 2 — Linear distribution of xanthomas on the palms , inflammatory areola 
such as occurs in diabetic xanthoma was absent 

result of traumatism, and the foamy quality of the cytoplasm could be only vaguely 
recognized The xanthomatous areas appeared as an indifferent pink granular 
matrix, interspersed with distorted spindle cells Evidently the nuclei of the 
xanthoma cells, although once compromised as to vitality, were returning to an 
approximately normal state If this is true, in so doing they indicated their 
original nature , i e , they were spindle cells rather than cells of the reticulo- 
endothelial system 

At the third biopsy both an older lesion from the elbow and a recent one from 
the healed zoster (now xanthic) were examined The observations on both the 
lesions were the same as those of the first biopsy, except for a notable polymorpho- 
nuclear infiltration around the hair follicles in the zoster lesion This should not 
be referred to unabsorbed infiltrate from the zoster, because the patient also had 
an abscess of the lobe of the ear at this time, and had, in fact, complained a 
number of times about the development of pustules in xanthomas elsewhere — on 
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the fingers, for example Singularly, only the xanthoma cells m the subpapillary 
regions stained with Sudan III m frozen sections , deeper ones did not take the 
dye Crystalline forms (rods) and cholesterol crystals were not recognizable It 
should be remembered that the zoster lesion was a comparative!}^ acute example of 
xanthomatous change (seven months’ duration) 

Pus from the ear, stained by Giemsa’s stain, showed that nearly all of the 
leukocytes were eosinophils There were many intracellular diplococci 

As fats in subcutaneous tissue had been successfully stained with carotene,^ this 
substance was tested on frozen sections of xanthoma lesions In no case did the 
fat become colored until sections had been heated Thereupon, the fat globules 
coalesced , it was then possible to make out a faint yellow coloration in the larger 
globules but not m the smaller ones 



Fig 3 — Xanthomas in zosteriform distribution 


Clinical Diagnosis — The clinical diagnosis was xanthoma tuberosum multiplex, 
hypertrophic biliary cirrhosis of the liver, malignant degeneration, herpes zoster 
and svphihs 

Exploiatoiy Lapaiofoiny — Nineteen months after the onset of the disease, 
exploratory laparotomy was performed, directed toward possible biliary obstruc- 
tion It was recognized that the cystic duct was enlarged to the size of an average 
thumb, and that the head of the pancreas was induiated, however, biliary obstruc- 
tion could not be demonstrated Small deposits in the wall of the large and small 
bowel were considered to be deposits of cholesterol The patient died on the 
operating table from cardiac failure 

3 Weidman, F D Carotin as a Specific Fat Stain, as Demonstrated in 
Frozen Sections, Proc Path Soc Philadelphia, 1927, p 24 
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Rec)ops \ — Xecropsj ^\as performed forU -eight hours after death All of the 
organs and tissues were deeply jaundiced The gallbladder e'sJnbited a mild 
chronic inflammation, it was tlnck walled and small, and had collapsed It con- 
tained no stones, but its lining w'as deep red and incrusted bv bile-stained, chalky 
material The bile was pale, intermixed with about 5 cc of a deep green 
amorphous substance All of the bile ducts w'ere definitely dilated, had thickened 
fibrous walls and were lined bi bright aellow' granular incrustive material There 
was definite narrowing at the papilla of Vater, how'eaer, it w^as possible to pass a 
probe into the bihara passages The common duct immediately above the papilla 



Fig 4 — Focus of xanthoma cells in relation to pilosebaceous apparatus (biopsy 
specimen taken from the skin) 

of Vater was particularly dilated (3 5 cm in circumference) Formation of tumor 
could not be demonstrated , the indurative processes w'ere regarded as being chronic 
mflammator} 

The liver was enlarged, weighing 2,820 Gm It was deeply jaundiced, but had 
a muen more smooth surface than was expected Otherwise, it had the charac- 
teristics of biharj cirrhosis The linings of the intrahepatic bile ducts were 
encrusted w ith bile-stamed chalkv material similar to that encountered in the 
gallbladder 

The kidnejs were enlarged weighing 200 Gm each The conspicuous feature in 
them was the aellow streaking m the pjmamids, reminding one of the streaks of 
uric acid in gout 
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The adrenal glands were small They had an extremely narrow cortex, and the 
yellow lipoidal substance was present only in restricted parts 

There were one or two plaques of bright yellow atheroma on the lining of the 
left auricle The valves were comparative!}'' normal , there were no signs of syphilis 
anatomically in either the heart or the aorta The aorta showed, likewise, a few 
plaques of atheroma, some with hyaline changes in addition The changes were 
not, however, of syphilitic type It is emphasized that, besides a very early 
atheroma, there were separate and distinct brighter yellow deposits scattered 
through the entire length of the aorta The same was true of the pulmonary 
arteries 



Fig 5 — Regressive lesion on the elbow Only spindle cells remain, there are 
no xanthoma cells The epiderm over this very old lesion was largely destroyed 
by traumatism 

The spleen was large and covered with hyaline plaques In addition, there were 
numerous thin flat bright yellow deposits on the capsule 
The pancreas was somewhat hard, but other wse normal 
The esophagus, stomach and large and small intestines appeared normal except 
for an occasional yellowish patch in the intestinal wall, such as the surgeons had 
recognized at operation 

All of the internal lymph nodes were definitely enlarged, averaging 1 cm in 
diameter They were soft and edematous, and many of them showed small bright 
yellow areas similar to those found on other organs 

The testicles, epididymis, seminal vesicles, prostate and prostatic urethra 
appeared normal 
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The tlnroid gland appeared normal 

The peripheral arteries were mildly atheromatous 

The brain was of such soft consistency that its substance had a tendency to fall 
awaj (the autopsj w'as performed fortj'-eight hours after death) The dentate 
nuclei were severely sclerotic 

Gloss Anatomic Diagnosis— The heart showea slight hypertroph}^ cloudy 
swelling and jaundice There were deposits of cholesterol in the endocardium 
The left lung showed partial collapse of the lower lobe There was slight con- 
gestion of both lobes The right lung showed congestion and jaundice The spleen 
presented diffuse hvperplasia and deposits of cholesterol in the subcapsular tissue 



Fig 6 — Hypertrophic biliary cirrhosis of the liver Parenchymal cells do not 
exhibit cramming of cholesterol 

The kidnejs were jaundiced and showed old infarcts, cloudy swelling and deposits 
of cholesterol in the pjramids (^) The hv'er showed hypertrophic biliary cir- 
rhosis The biharjf system showed dilatation of all ducts with deposits of 
cholesterol in the mucosa There was chronic inflammation of the papilla of Vater 
There were deposits of cholesterol in the intima of the aorta The lymphatic 
svstem showed hjperplasia and deposits of cholesterol (^) The brain showed 
marked general edema, with congestion There was severe sclerosis of the dentate 
nucleus 

Histologic Evaniination — In addition to sections embedded in paraffin and 
stained bv hematoxvlm and eosin, frozen sections stained with Sudan III were made 
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from the liver, kidney, adrenal glands, spleen and aorta, i e , the organs which 
were expected to show fatt}"- changes 

The lungs showed no evidence of xanthomatous change or metastatic cancel 
Areas of collapse and fibrosis, with small foci of calcification of the bronclual 
cartilages, comprised the pathologic features 

The muscle fibers of the heart were narrow and coarsely granular, the trans- 
verse markings were invisible There were no xanthomatous changes 

Sections of the liver stained with hematoxylin and eosin confirmed the gross 
diagnosis of a high (but not extreme) grade of biliary (not Hanot’s) cirrhosis 
Bile ducts and fibrous tissue of Glisson’s capsule w'ere moderately hyperplastic, and 



Fig 7 — The w'all of the gallbladder, the spongy network has probably come 
about through a fusion of the xanthoma cells 

there were much bile pigment and numerous polymorphonuclears in the latter 
The parenchymal cells were small , the Kupffer cells were broadened by bile pig- 
ment and indefinitely outlined vacuoles The picture was not suggestive of cram- 
ming of cholesterol In frozen sections stained by sudan III the parenchymal cells 
were crowded with fine pigment granules, and at times with other granules which 
stained yellowish, as with a poor sudan III stain It is surmised that these 
represented combinations of protein and fatty substances In the Kupffer cells, 
however, deep red-staining globules (neutral fat) were seen m abundance No 
crystals were found until a few widely distributed, doubly refracting ones were 
brought out under the polarizing microscope Such crystals appeared always m the 
interstitial substance 
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The wall of the gallbladder ■i\as only slightly thickened, in paraffin sections it 
measured 3 mm in thickness The mucous membrane was not recognizable, the 
lining consisted of a delicate membrane, evidently the basement membrane of the 
mucosa The fibrous tissue immediately underlying the latter was coarsely 
reticular, apparently the tissue interstices had been tremendously overdistendcd, 
probably by lipoids The resultant spaces were much larger than xanthoma cells 
and most irregular in form , they intercommunicated and contained moderate quan- 
tities of coarse pmk granules Moderate numbers of lymphoid and plasma cells 
(polymorphonuclears were absent) were located on the reticulum, whereas larger 
numbers occurred from place to place immediateW under the basement membrane 



Fig 8 — Adenocarcinoma of a duodenal papilla Mucosa of the common bile 
duct IS shown below , that of the duodenum, at the top The pancreas is indicated 
bv P, the cancer, by Ca , parts infiltrated by cancer tissue, by Iiif 


The capillaries in this region were highly congested The same order of changes 
occurred focally from place to place m other locations, even in deeper parts of the 
muscularis, but far less intensely Thus, the spaces occurred individually or as 
loosely connected, comparatively widely separated groups of spaces, that is, they 
were unlike xanthoma cells The general effect given was that of a thin plaque 
of lipoidal infiltration located immediately under the mucous membrane, with 
scantier extensions into the muscularis The glands appeared to be normal m 
number, but their lining cells w^ere moderately hy^perplastic and had large nuclei 
rich in chromatin It did not appear that the acini had proliferated The muscular 
tissue no longer appeared as such , it was represented by pink granular compara- 
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tively anuclear material disposed in strands between hyperplastic fibrous tissue 
bundles 

The mucosa of the common bile duct was recognizable on one side of the section 
bj' its plications , practically all of the epithelial covering had disappeared, as m the 
case of the gallbladder, leaving only the basement membrane as the surface covering 
(autoh^sis^) In general, the changes here were the same as those described foi 
the gallbladder, including the lipoidally distended spaces, glands and infiltrate of 
round cells The glands, however, were definitely hyperplastic and took on 
adenomatous configurations They were so close to the focus of carcinoma which 
appeared on the intestinal side of the section that they were intermixed with plugs 



Fig 9 — Infiltration of muscular tunics by adenocarcinoma at the duodenal 
papilla 

of cancer cells which had obviously extended from it by direct metastasis We 
do not believe that these glands were participating in the malignant phases of the 
situation Indeed, at one place cancer cells were located immediately under the 
basement membrane 

The opposite side of the section permitted the recognition of intestinal mucosa 
Irregular columns of disorderly hyperplastic cells extended perpendicularly from 
the surface with intervening partitions of involuntary muscle The cells were in 
part simple and columnar, but in the deepest position exhibited metaplasia into 
rounded, polygonal or seal-ring forms Not infrequently they occurred in strips 
or even as atypical tubules The rounded and polygonal forms were found infil- 
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Irating the deepest parts of the muscularis and expending even as far as the mucosa 
of the bile duct Even m these advanced positions the conformation of some of the 
cell groups ^^as acinar Cj tologically, the characteristics common to cancer cells 
■were satisfied, such as the large size of the cell cvtoplasm and the nucleus, the 
abundance of chromatin and the mitotic figures Xanthomatous changes could not 
be recognized with certainty m any of the cancer cells Portions of autolytic 
pancreas were included in this section, the most peripheral portion of the cancer 
infiltrated it, but it was clear that the pancreas itself was not participating in the 
malignant h} perplasia 



Fig 10 — Xanthoma cells m the capsule of the spleen 


Aloderate xanthomatosis of the muscle cells in the external tunica musculaiis 
was the onh explanation of the yellow streaks reported in the intestines at operation 
and necropsy 

The capsule of the spleen was of normal thick less , m several places it exhibited 
leticulated foci suggestive of gigantic, fused xanthoma cells The outlines of the 
latter could not be made out, but the granular substance m the spaces contained 
small pyknotic nuclei which m a way resembled arterial atheroma The reticular 
parts of the stroma were markedly thickened, but almost bare of lymphoid cells 
There was no h\ perplasia of the endothelium Isolated xanthoma cells were 
identified in the pulp, but only after careful search The splenic nodules weie 
small but rich m Ijmphoid cells The erythrocytes in the sinusoids appeared auto- 
Ijtic, blood pigment was normal in quantity 
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In the paraffin sections of the adrenal glands the only abnormality consisted 
in the extreme scarcity of lipoidal globules in the pars fascicularis , cytoplasms 
\;ere coarsely granular m all parts of the cortex In the frozen sections, all cells 
except those of the pars glomerulosa contained large numbers of small deep 
red-stainmg globules In many areas, however, masses of large globules also 
occurred, but there were no crystals The observations as to doubly retractile 
crystals were the same as those in the liver, i e, there were only widely scattered, 
isolated crystals, even among the masses of deep red-staimng neutral fat globules 
The paraffin sections of the kidney were not particularly informative, the posi- 
tions occupied by the crystals in the pyramids could indicate edema morpho- 
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Fig 11 — Intimal xanthomatosis, formation of xanthoma cells in the hyper- 
plastic endothelium of the aorta The pulmonary artery and the mural endocar- 
dium also exhibited this type of change 

logically as readily as they could lipoid content The cytoplasm of the parenchymal 
cells appeared normal , cramming by cholesterol was not indicated morphologically 
In addition to the abundance of bile pigment, which was to be expected, there weie 
a few rather large masses of short, needle-shaped crystals in the frozen sections 
which had a greenish cast and which lay in the inteistitial substance and not in the 
lumens of the tubules, as had been expected from gross observation The crystals 
were doubtless the basis of the yellow striae that were commented on previously 
With Sudan III the crystals stained deeply red, whereas the bile pigment took an 
indifferent yellowish red color, something like that given by poor staining Under 
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the polarizing microscope, onK small numbers ot the needle-shaped crystals weic 
doubly refractne 

Short stretches of xanthoma cells lay on the intima (infiltrated endothelium) 
of the aorta with features readily distinguishable from those of atheroma , i e , they 
had sharp outlines, did not fuse and had a distinctive piled-up appearance on the 
lining In addition, poorly outlined clusters (foam cells) were discoverable in the 
media , these could not be distinguished from the foamy cells of atheroma In 
frozen sections, great numbers of small deep red-stainmg crystal-hke rods were 
found scattered throughout the mtima both smglv and in masses In addition 
there w'ere other rods of the same size and shape, wdneh did not stain red Veiy 
few of the crystals were anisotropic, as m the case of the liver, spleen and other 
organs, it w'as possible to identify them only at wide intervals Although most ot 
them lay in the intima, a few’ could be found also in the media 



Fig 12 — Beginning of foaminess in the cytoplasm of the smooth muscle cells 
of the intestinal w'all This focus is selected to demonstrate that it is the muscle 
cell and not the fibrous tissue that is concerned Areolar subpentoneal tissue is 
visible at the bottom of the photograph 

Extreme grades of endarteritis nodosa were observed in most of the arteiics 
examined, but there w’as no atheroma 

Paraffin sections of the skin reproduced the conventional picture of xanthoma 
tuberosum The classic foam cells were distributed in groups or masses at all 
le\els of the corium, but they still had a predilection for the upper strata, occurring 
even in contact with the basement membrane of the epiderm They showed a 
tendenci to be concentrated m certain more or less perpendicular tracts alined with 
the peripheries of hair follicles This arrangement could be referred to concen- 
tration of the xanthoma cells m the larger Emphatic spaces which are known to 
surround such structures as hair follicles and blood vessels A few of the xanthoma 
cells were multinucleated or so-called giant xanthoma cells Cholesterol cleits 
were not seen 
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As to the kinds of lipid in the skin of this patient, as revealed in a frozen 
section, by all odds the predominant one was neutral fat, which stained intensely 
red with sudan III With the polarizing microscope it was possible to make out 
that there were also goodly quantities of doubly refracting lipoids in a more or 
less crystalline form There were much larger masses of the latter in the skin 
than in the other organs which we have described and which were examined by 
this technic We estimate that fully SO pei cent of the fatty substance in the skin 
consisted of doubly refractile substance (choles-croP), and that the remaining 
50 per cent was not doubly refractive (neutral fats and fatty acids) 

Spindle cells were uniformly swollen throughout the section and loaded with 
large, red globules of neutral fat Incidentally, the epiderm participated in the 
fatty change, as has been described by other authors, red globules were abundantly 
present in the basal cells Furthermore, fat globules such as Pautrier ^ pictured, 
which he referred to as part of a purposeful transfer of particulate matter from 
the corium into the epiderm, were observable in spindle cells immediately below the 
basement membrane 

The mucosa of the urinary bladder was autolytic The rest of the wall 
appeared normal 

Xanthomatous changes were not recognized in the pancreas The only abnor- 
mality consisted in a moderate interlobular fibrosis 

liistologic Summary First and foremost, a neoplasm was established as the 
cause of the biliary obstruction, it was primary in the mucosa of the bile duct 
The gross diagnosis of biliary cirrhosis (not Hanot’s) w'as confirmed 

All doubt W'as removed as to the nature of the yellow' deposits in the splenic 
and hepatic capsules and on the mucosa of the gallbladder and the aortic lining, 
they were xanthomas and not simple atheromas or fatty degenerations 

Carcinomatous metastasis w'as not disclosed in any organ, nor were xanthoma 
cells obser\ ed extensively within the parenchyma+i us cells of an organ , there wi i e 
only isolated xanthoma cells in the spleen and liver, which are the commoner depots 
for storage of cholesterol That is, there w'as no evidence of surplus cholesterol, 
morphologically, except in the skin 

As fo the particular kinds of fat indicated, m none of the viscera examined was 
it possible to find more than a few widely scattered short needles, which w'ere 
anisotropic and w'hich could be interpreted as cholesterol There were great 
numbers of needle-shaped crystals of the same form as these, but they stained 
a deep red and w'ere not doubly refractive The inference is that the fatty substances 
in our case, at least by the time they reached the microscope, were in the form of 
neutral fat rather than cholesterol 

It should be added that the same changes were observed in frozen sections in 
two different lots of material The first lot had been kept frozen for six days 
The second lot had been promptly fixed in formaldehyde at necropsy, although the 
organs had been preserved for two days before sectioning It is necessary to recoi d 
such conditions in view of the known propensities for the fatty substances in 
xanthoma to undergo morphologic changes w'hen preserved for some time in 
formaldehyde 

In view of the indefiniteness of xanthoma cells which so often obtains becau'-e 
of their vague boundaries, the situation in the wall of the gallbladder merits atten- 

4 Pautrier, L M Dermo-Epidermic Intel changes as Controlled by Study 
of Melanie Pigment, Esters of Cholesterol (Xanthoma) and Hemosiderin (Scham- 
berg’s Disease), Arch Dermat & Syph 17 1 (Jan) 1928 
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tion Thus, the hpoid substances in the submucosal plaques lay free in tissue 
spaces, not in xanthoma cells It was, in effect, a lipid edema, =uch as Bross ^ 
also noted 

PATHOGENESIS 

Beginning with the hepatic disease, whether s}phihs or caicinoma 
tvas the primary exciting factoi, theie resulted a high giade of hepatic 
damage, admittedly an outstanding cause of hypeicholesteremia and 
consequent hyperhpoidosis Thereafter, the genesis of the cutaneous 
lesions becomes understandable, in the presence of actively growing 
and actively dividing fibrous tissue cells, the excess fat entered the cell 
and was retained there, with the result that xanthoma cells were pro- 
duced We are unable to state what the incentive was to young fibrous 
hyperplasia in our patient, but the multiple abscesses were consistent 
developments on the skin and weie perhaps secondary to the infection 
of the biliary tract Evidently the old scars on this patient, such as 
the normal one at the umbilicus, that at the site of antismallpox vaccina- 
tion and the syphilitic scars of the scalp and arms, w^ere not in the 
appropriate biologic phase to accept and retain the substances 

CaU'Se of the Hepatic Disea<;e — In our case, the conclusion as to 
which was the pr unary lesion m the disease complex — cancel oi syphilis 
— is contingent entiiely on the age of the lesion at the duodenal papilla 
From the clinical history it appears that the disease began nineteen 
months before death supervened The carcinoma was exceedingly small, 
It could not be delineated grossly, but was not inoie than fiom 8 to 10 
mm in diameter, as judged in histologic sections It seems impossible 
to conclude finally that such a small carcinoma could be nineteen months 
old or, on the othei hand, that it was of only recent development, 
one can only speculate The features iveie not quite those of adenoma 
mahgnum, ivhich is a foim of carcinoma conceded to be very slow in 
growth The carcinoma was definitely infiltrative However, the absence 
of metastases in regional lymph nodes speaks foi the comparative 
benignancy of this particular cancer Adenomatous hyperplasias with 
minute polypoid formations frequently occur at the biliaiy outlet 
(Dardinski ®), and may well have preceded the adenocai cmoma in 
our case 

On the other hand, it is possible to construct another hypothesis, such 
as that of an initial syphilitic hepatitis masked by the subsequently devel- 
oping biliary obstruction , the mildness of the fibrosis of the liver could 
be iinoked in support of this idea This -would imply that the hepatic 
damage antedated a biliary obstruction, but to us this line of thought 

5 Bross, K Generalized Xanthomatosis, Virchows Arch f path Anat 
227 145, 1920 

6 Dardinski, V J Inflammatory Adenomatoid Hyperplasia of the Major 
Duodenal Papilla in I^Ian Am J Path 7 519 (Sept) 1931 
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would lead to such uiternunable speculation as to the lelatne suscepti- 
bility of the hvei and the wall of the gallbladder to iiritants and as to 
various other involved considerations that this hypothesis cannot be 
fertile of results 

As to syphilis in the case, the seiologic repoits weie conflicting, the 
Wassermann leaction of the blood was positive at the fiist examination 
and negative at the second Much moi e important wei e the scars of the 
scalp and arms — favorite sites for syphilis On the other hand, the 
aorta did not show the S3^phihtic type of arteiitis at necropsy We feel, 
however, that in this patient the balance of evidence decidedly favors 
syphilis, the cutaneous lesions turning the scales 

Our first impulse was to favor the hypothesis that there was an 
initial syphilitic ciirhosis accompanied by hypei cholesteremia, and that 
the carcinoma finall}'' became inteicuiient The obstruction theieupon 
added a biliaiy type of cirrhosis which masked the antecedent syphilitic 
cirrhosis We weie influenced somewhat toward this opinion because 
we had recently witnessed at necropsy a carcinoma of the stomach which 
was associated with a regressed xanthoma of the pons and xanthoma 
tuberosum of the skin ^ It seemed moi e than a coincidence that two 
malignant tumors should be encounteied in two consecutive cases of 
geneiahzed xanthomatosis undei the obseivation of the same physicians, 
particularly since necropsies m cases of generalized xanthomatosis are 
exceptionally rare 

At this point, the case of Kieibich’' applies Syphilis was likewise 
present in his patient, but at such an early stage (nine months) that 
cirrhosis at least could not have been a factoi, although theie was still 
a remote possibility that the aisenical therapy which the patient had 
received had played a part and caused hepatic damage The welcome 
contribution to the immediate problem is Kieibich’s citation of gastiic 
crises as the occasion for a zoster, as m our patient, at least, similai 
neurologic considerations are involved This item piobably cariies moie 
weight than any other chronological evidence in oui case, i e , as to the 
duration of the lesion of the duodenal papilla If one may assume that 
a lesion of the duodenal papilla inaugurated the zoster, it would establish 
itself rather than syphilis and hepatic damage as the initial factor m the 
entire disease complex, because it will be recalled that the zostei made 
its appearance only four months after the initial pruritus and three 
months after the onset of jaundice 

All things considered, we feel that an adenomatous polyp at the 
duodenal papilla was the beginning of the entire disease complex, and 
that the cancer developed secondarily on the polyp at a comparatively 
late date 

7 Kreibich, C Zostenform Xanthoma, Arch f Dermat u Syph .152 365 
(Dec 3) 1926 
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INTERNAL XANTHOMATOSIS IN GENERAL 

It IS seldom that xanthomatous infiltrations have been demonstiated 
in internal organs in xanthoma tuberosum, largely because necropsies 
hare been so rarely performed The table which follows contains all 
the references we could find Eien in Pinkus and Pick’s ® case, although 
a necropsy and exhaustive studies were made, little was added to the 
knowledge of the internal distribution of xanthoma In oui case, the 
presence of the deposits in the capsules of the livei and the spleen, m 
the aortic intima and m the walls of the intestines connoted an associa- 
tion wuth endothelium (serous sui faces) which was consistent with the 
habits of xanthomatous mfiltiations in general and thus explanatoiy of 
this distribution Endothelium (compare the Kupffer cells m this case) 
is notoiiously liable, togethei with fibrous tissue, to xanthomatous infil- 
tiations Only a few cases of xanthomatosis of the vasculai endothelium 
appear to have been desci ibed in the hteratui e Low ° stated bi lefly that 
there weie (clinically presumptive) xanthomatous lesions on the heait 
valve Similarly, the reports of Lehzen and Knauss and of Pav'^y and 
Fagge,^^ although they described extensive yellow plaques giossly in 
arteries or on the mural endocardium (Balzer^-), were not satisfying 
histologically , it was not deal whether the changes were xanthomatous 
01 simply atheromatous The situation wall be illustiated at the end of 
the next paragraph, figure 11 illustrates clearly the difference between 
intimal xanthomatosis and oidinary atheioma Although the}- occuiied 
m a neoplasm, the changes which Petri desci ibed in the walls of the 
blood v'^essels of a hemangioma fully qualify as xanthomatous 

In point of extensiveness of xanthomatous changes in the mteinal 
oigans, our case was excelled by that of Bross,^ cutaneous lesions, 
how^ever, w^eie confined to a faint, diffuse yellowing of the sciotum As 
in oui patient, there were yellow fleckings on the capsules of the spleen 
and liver and on the intima of the aorta and pulmonary arteiies The 
followang additional lesions were described multiple xanthomas of the 
kidneys, wnth a xanthomatous infarct of the left kidney , small xanthoiiv 
atous foci in the prostate and the duodenal mucosa, lymphangiectatic 

8 Pinkus F, and Pick, L Xanthoma and Foam Cell Tumors, with Repoil 
of a Case of Generalized Xanthoma Tuberosum, Dermat Ztschr 15 706, 1908 

9 Low R C Xanthoma Tuberosum Multiplex, with Lesions in Heart and 
Tendon Sheaths Brit J Dermat 22 109 (April) 1910 

10 Lehzen G , and Knauss, K Ueber Xanthoma multiplex planum, tubero- 
sum mollusciforme, Virchow^s Arch f path Anat 116 85, 1889 

11 Fagge, C H General Xanthelasma or Vitiligoidea, Tr Path Soc London 
24 242, 1873 

12 Balzer, F Researches on the Anatomical Characters of Xanthelasma, 
Arch de phjsiol norm et path 4 65, 1884 

13 Petri, E Xanthomatous Tissue Changes, Haemangioma Xanthomatosum 
Zentralbl f allg Path u path Anat 34 1, 1923 
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xanthomatosis of the appendix, the mesenteric and the retroperitoneal 
lymph nodes and of the bone marrow of the femur The studies were 
conducted under Lubarsch’s direction, and the xanthomatous nature of 
the lesions was established histologically Bross emphasized that the 
xanthomatous processes involved inteistitial substance exclusively and 
not the paienchyma He commented propeily that there had been 
numeioiis xanthomatous fleckings described previously as occuning on 
the capsules of oigans, but without microscopic confirmation, and that 
his own observations would tend to demonstiate that the previous 
authois weie coiiect in legarding the fleckings as tiuly xanthomatous 
Howevei, the yellow lesions on blood vessels are still to be consideied 
questionably xanthomatous, as the lesions in his patient pioved, under 
the micioscope, to be at times xanthomatous and at othei times simply 
athei omatous 

In Christian’s disease the xanthomatous infiltiations aie moie wide- 
spiead, in geneial, than in any other expiession of xanthoma, flat bones, 
lungs, liver, spleen and biain aie involved This disease affects children 
almost exclusively, and has such a high mortality that numeious 
neciopsy studies have been made possible In these cases the blood 
cholesterol a alue i tins exceedingly high, as much as 397 mg per hundred 
cubic centimetei s and moi e Rowland entei tamed the belief that the 
disease is a dyshpoidosis essential to the reticulo -endothelial system In 
the case uhich Weidman and Fieeman desciibed as one of xanthoma 
tuberosum, and which can be admitted as one of Chiistian’s disease, it 
was felt that the basic lesion was gi aniilomatous and that xanthomatous 
infiltiation was supei added It is conceivable that the widespread vis- 
ceial involvement in Christian’s disease is explainable by the youth of 
the tissues concerned, i e , the tissues of young peisons being compaia- 
ble to the tissues of a young scat , and the tissues of old persons to those 
of old scars 

Although neciopsy was pei formed in one of Futchei’s^® cases, 
xanthomatous change was i eported only m the bile ducts , as in oui case, 
both the intrahepatic and the extiahepatic ducts weie involved 

Between the skin and the internal tissues theie appears to be no 
correspondence m the extent of xanthomatous involvement Foi exam- 
ple. in Bioss’ case of most extensive internal xanthomatosis only a mild, 
diffuse yellownng externally, confined to the sciotum, w^as noted In 
Christian’s disease, wnth its extensn^e osseous involvement, the skm has 

13a Rowland, R S Chnstian’s Syndrome and Lipoid Cell Hyperplasia of the 
Reticnlo-Endothelial Svsteni, Ann Int Med 2 1277 (June) 1929 

14 Weidman, F D , and Freeman, W Xanthoma Tuberosum, Arch Dermat 
& Syph 9 149 (Feb ) 1924 

15 Futcher, T Xanthelasma and Chronic Jaundice Am J M Sc 130 939, 
1905 
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been found involved only once (Weidman and Fieeman^^) On the 
other hand, Pnikus and Pick ® described extensive cutaneous xanthoma 
and an insignificant internal one The following table is illustrative 

XANTHOMATOSIS IN MALIGNANT TUMOR CELLS 

Infiltration of sarcoma cells by lipoidal substances, with the produc- 
tion of xanthosarcomas, is well known Analogous developments in 
carcinoma cells appear comparatively seldom, a catalog of such cases 
will appear elsewhere ’■ 


Compaitson of Cutaneous and lutcmal Xanthomatosis'" 



Skin and Mucosae 

Internal Lesions 

Futcher 

Eyelids, palms, elbows, etc 

None mentioned 

Pavy and Pagge 

Eyelids, hands, abdomen 

Larynx, arteries, splenic 
capsule 

Moxon Tr Path Soc London 

Eyelids, hands, scrotum etc 

Larynx, splenic capsule 

24 129, 1873 

Jlurchi^on Tr Path Soc Lon 

Eyelids only 

Spleen and kidney 

don 20 187, 1SC9 

Pyc Smith Guj 's Hosp Rep 

Eyelids only 

Cancer of duodenal papilla 

22 97, 1877 

PinKus and Pick ® 

Face, trunk 

None recorded 

Balzcr 

Trunk, neck, etc 

Mural endocardium 

Bross ® 

Scrotum 

Vascular mtima, capsules of 
spleen and liver, appendix, 
tonsil, lymph nodes, kid 
neys, marrow 

Various authors (cited bj So® 

Rone mentioned, except in 

Bones, brain, other organs 

man J A. N A 08 iio 

tooth sockets 

irregularly involved 

(Jan 9] 1932) 

Weidman and Freeman (case 1) 

Eyelids, elbows, buttocks, 
etc 

None 

(case 2) 

Fyehds, elbows, buttocks, 
etc 

Lungs, spleen, brain, etc 

Ueidman and Boston (this case) 

Elbows, knees, zoster scar, 
etc 

Intima of vessels, capsule of 
spleen and liver 

Mtidman and Schaffer^ 

Eyelids, elbows, arms, scro 
turn, etc 

Larynx, pons 


* Uthough Gaucher s disease may not qualifj us xanthoma, it should not be forgotten, 
with its in\olvcment of the spleen and bone marrou (Pick Veroffent a d Knegs u 
Konst Path 4 3, 1927) 


White has emphasized the legularity with which laige quantities of 
cholesterol were demoiisti able m carcinoma, admittedly, however, the 
fat, if not confined to intercellular positions (which seems inconceiv- 
able), IS in a different physicochemical state witliin the cytoplasm of 
ordinary carcinoma cells than it is in xanthoma cells 

Cliolestei ol and Cell Giowth — In our patient the combination of a 
continued and excessively high hypocholesteremia and the development 
of carcinoma at a relatively late stage of the hypercholesteremia must 

16 Weidman, F D Xanthosarcoma of the Cheek Succeeding Xanthosarcoma 
of the Forearm Multiple Tumors Versus Metastasis, Arch Suig 34 792 (May) 
1937 

17 White CP On the Occurrence of Crjstals m Tumours, J Path & 
Pact 13 3, 1909 
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recall the continuous undercurient of thought in many quaiteis as to 
the role of cholesterol in furthering the giowth of cancer In the 
experiments of Sweet, Coi son- White and Saxon on rats, metastases 
were increased tiemendously when cholesteiol was sprinkled on the 
inoculated tumor tissue Luden emphasized years ago how determina- 
tions of blood cholesterol should be of special value in the study of 
malignant growth because cholesterol promotes the multiplication of 
cells Roffo found three times more cholesterol in the tumor tissue 
than in the rest of the animal Most recently Morelh and Focosi 
emphasized the role of lipid metabolism “The lipids of the lymphatic 
apparatus and of the leticulo-histiocytic system are of gieatest signifi- 
cance for the foimation of neoplasms” In short, this opinion concein- 
mg cholesteiol has been asserted by such scattered and independent 
investigators that we cannot escape at least considei ation of the role that 
lipids played in piomoting the cancel in oui patient It is unnecessary 
to add that cholesteiol cannot be the sole factoi, any more than it is 
the sole factoi in the determination of xanthomatous lesions Neverthe- 
less, the occurrence of cancer m this patient and of the cancers in the 
stomach^ m two successive cases of xanthoma under the obseivation of 
the same physician and studied at necropsy is difficult to dismiss as a 
mere coincidence This is particularly the case since the gastric cai- 
cmoma with metastases cited ^ was such an outstanding example, and 
since the xanthomatosis, connoting a general hpoid disturbance, had 
been present for more than ten years 

Xanthomatosis and Tumois in Genoa ! — In oui patient the tumor 
uas not xanthomatous It is raie undei any cn cumstances foi epithe- 
lial cells to become outstandingly xanthomatous Even m Pick’s exten- 
sive case of osseous Gauchei’s disease, which involved a widespiead 
hyperhpoidosis, the cancer of the bile duct was not described as xanthom- 
atous Tumors of the connective tissue, howevei, are liable to the 
change, paiticularly fibiosai comas of the tendon sheaths Since the 
tumor m our patient does not bear on this subject, leference is made 

18 Sweet, J E , Corson-White, E P , and Saxon, G J Relation of Diets 
and of Castration to the Transmissible Tumors of Rats and Mice, J Biol Chem 
15 181 (July) 1913 

19 Luden, G Cancer and Chemistry, Woman’s M J 30 1 (Jan) 1923, 
Blood Cholesterol Its Importance and the Value of Its Determination m Cancer 
Research, Canad M A J 12 147 (March) 1922 

20 Roffo, A H Cholesterol Ratio in Tumors, Prensa med argent 11 1060 
(April 20) 1925 

21 Morelh, E, and Focosi, M Changes in Lipoid Metabolism Following 
Treatment with Cancer-Forming Substances, Ztschr f Krebsforsch 34 473 (Oct 
17) 1931 

22 Pick, L The Skeletal Form of Gaucher’s Disease, Veroffentl a d 
Kriegs- u Konstitutionspath 4 3, 1927 
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here only to other conditions (xanthosarcoma and cancer of the 
stomach mentioned in the literatuie on xanthomatous tumois in gen- 
eral 

Suppiaafrue Feaiwes — Mention has already been made that a num- 
ber of the xanthomatous lesions became suppurative, and that a small 
abscess developed in the lobe of the eai, apparently independent of a 
xanthomatous nodule It was likewise stated that in the histologic sec- 
tions of a xanthomatous nodule there was a peiifolliculai, polymoipho- 
nucleai infiltrate This phenomenon, i e , the complicating suppuiation, 
is lare if not unique for xanthomatous nodules Undei these circum- 
stances, the presence of a focus of extieme polymorphonucleai infiltia- 
tion adjacent to the biliary neoplasm, togethei with the obvious stasis 
in the biliaiy tiact, appears to be of importance That is, it is surmised 
that the biliary lesion represented a focal infection fiom which a state 
of subinfection (in the sense of Adami) was induced, with localization 
thereaftei in an abnormal focus such as a xanthomatous nodule 

In the last-named connection, a second inteipretation must also be 
lecorded, namely, that the cutaneous xanthomas began as micioscopic 
abscesses — cutaneous metastases from the focal infection in the biliaiy 
tract Under these circumstances, fibroblasts developed, which in the 
piesence of a hypercholesteremia took on the character of xanthoma 
cells While this explains the cytologic phases in the situation, it does 
not explain the distnbution of the lesions, i e , the piedilection for the 
elbows and the knees The lattei distribution, however, was still not an 
exclusive one, othei nodules were scattered rather widely elsewhere 
The success of one of us (F D W*®) in one of his experiments with 
pneumotoxin on hypercholesteiemic dogs may bespeak a toxic factor as 
one of several conditions which predispose cells to hpoid infiltiation We 
lean toward this second interpretation in our case , we give emphasis to 
the suppurative features because it is such exceptional incidents which 
hare value in our search for the additional s, y and s factors which 
determine the formation of xanthoma cells and which aie commonly 
and loosely referred to collectively as pi edisposition 

SCAR (and ZOSTERIFORM) XANTHOMA 

Considering scai s in their broadest, general pathologic, i e , regenera- 
tive sense, there is a fairly long list of cases cited in the hteiature m 
uhich seals became xanthomatous The moie unequivocal examples, 
such as those following surgical operations and trauma, are rarer 

In Kreibich’s ‘ patient a zostei developed which, from its description, 
almost duplicated that m our case Thus, jaundice developed in a syphi- 

23 Weidman, F D Studies in Hypercholesterolemia III Approach to the 
Pathogenesis of the Xanthomas, Arch Dermat & Syph 15 659 (June) 1927 
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litic man who had a large, hard liver and in whom the spleen was palpa- 
ble Eventually, as in our case, the Wassernianii leaction of the blood 
became negative The blood cholesterol measured 750 mg per hundred 
cubic centimeters (normal value by his technic, 200 mg per bundled 
cubic centimeteis) Papular xanthomas developed in gioups m a zosteii-' 
form band invohmg dermatomeies fiom the sixth to the ninth, the 
illustration depicts a lesion that is practically identical with ours 
Xanthomatous lesions were also piesent on both olecranons and knees, 
and the author emphasized the folliculai chaiactei of many of the nod- 
ules (The interpi etation he placed on the latter was different fiom 
ours, it will be recalled that we believed that those m our patient weie 
lefeiable to minute tiaumatisms inflicted duiing shaving Kreibich 
thought that the lesions were due to toxic nervous impulses ) Although 
he cited the idle of gastiic crises (ulcer, cancer, vomiting and tabes) m 
the development of zoster, it appeals that a final opinion was not ai rived 
at as to the exact natuie of the gastiic lesions in his patient 

The effect of Kreibich’s expeiience was that we attributed the devel- 
opment of the zoster lesion m our patient to an analogous origin m the 
gastro-hepatic legion, most reasonabl}^ the polyp at the ampulla of Vater 
If this IS admissible, it would go far toward establishing the age of the 
carcinoma in our patient, about which we have been so much perplexed 
Since the zoster lesion occuned at the fouith month of the disease, it 
will be reasonable to suppose that the pol 3 ^p likewise was piesent at least 
that early 

Kreibich also expressed a numbei of new thoughts in respect to the 
etiology of xanthoma The zosteriform lesions in his patient were not 
inflammatory Hence he assumed that they weie referable not to inflam- 
mation but to exalted tonus of the skin cells induced by exaggerated 
effeient impulses which in the final analysis emanated fiom the stomach , 
that IS, the xanthoma lesions had a morbid-physiologic rathei than a 
material basis in causation He explained the follicular distiibution on 
the same basis — that it was due to physiologic stress put on the bans, 
that IS, a lesser grade of stimulus than that of inflammation sufficed to 
initiate the xanthomatous processes Kieibich cited the acne zosteri- 
formis of Blaschko as analogous to Ins zosteiiform xanthoma, which. 
It appears, is also due solely to nerve stimuli 

As Kieibich did not lecord the history of the development of the 
zosteriform lesions, it is probable that they were not observed by a 
dermatologist at the beginning It is thus possible that the oiiginal 
lesions were red papules, i e , abortive zoster as in our case, and that by 
the time they came under Kreibich’s observation they were papular 
xanthomas Again, the acneform arrangement of Blaschko’s acne zos- 
teriformis could, similarly, be explained as the consequence of zosteriform 
scars the contractions of which had widened the follicular orifices 
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Hardaway also mentioned a zostenform airangeinent as part of 
a xanthomatosis involving the mucosae, tendons and subcutaneous tissue 
Only an abstract of his paper was published , hence one cannot compare 
his case with ours and analyze it in the modem light Hepatic disease 
was present, however, and Hardawa)’’ remarked that the zostenform 
xanthomas “might have resulted from an aboitive attack of heipes 
zoster ” 

To return to scars proper, the most fully studied case we found was 
that of Urbach In the scai of a tuberculo-iilcerous syphilid he 
observed the development of fifteen xanthomatous nodules A most 
comprehensn e chemical study of the blood and other fluids was made, 
but no abnormalities were found , the blood cholesterol was well within 
the normal limits on two examinations In short, the xanthomas devel- 
oped in syphilitic scars in the absence of a hypercholesteremia oi other 
demonstrable metabolic upsets Urbach concluded that the source of 
the fat was in the local inflainmatory-degenerative processes existing at 
the site of the syphilitic process (an age-long theory), and that in the 
presence of a lipoid surcharged serum in this situation the fibrous tissue 
cells absorbed the fat 

One of us (F D W ) presented for Gittings at a meeting of 
a dermatologic society a child, aged 3 years, in whom there weie highly 
developed xanthomatous lesions in a laparotomy scar and m the gums, 
in the latter site succeeding the extraction of teeth The patient 
was presented both for this reason and because similar changes were 
absent in old scars, such as those at the umbilicus and at the site of an 
antismallpox vaccination The blood cholesterol value for this patient 
was 1,067 mg per hundred cubic centimeters The case will be reported 
in full by Weidman and Stokes 

Posner,’® too, reported briefly and incidentally the development of 
a laparotomy scar richly studded with xanthomatous nodules in a 
woman, aged 37 The nodules were particularly conspicuous in the 
stitch holes 

24 Hardaway, W A Xanthoma Multiplex of Skin Mucosk, J Cutan 
Ven Dis 2 353, 1884 

25 Urbach, E True Xanthoma or Xanthomatosis Degeneration of the Skin, 
Klin Wchnschr 2 542, 1923 

26 Gittings, J C Xanthoma Tuberosum with Jaundice, Arch Dermat &. 
S\ph 17 730 (May) 1928 

27 Weidman, F D , and Stokes, J Extensive Xanthoma Tuberosum in Child- 
hood Due to Infectious Cirrhosis of the Liver, Am J Dis Child 53 1230 (Ma\) 
1937 

28 Posner, O Symptomatic Xanthoma in Chronic Icterus, Deutsche med 
Wchnschr 35 96, 1909 
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Although he did not see the patient, Schmidt reported numerous 
xanthomas in a scar made by an excision, the case came to his notice 
when the blood was lef erred to him for examination The blood choles- 
terol measured 194, 392 and 414 mg per bundled cubic centimeters at 
diffeient periods 

Ochs piesented a girl, aged 7 years, at a meeting of a dermatologic 
society In addition to lesions on the fingeis and elbows, there weie a 
few on the buttocks at the site of formei therapeutic antisyphihtic 
injections The injections were made at the age of 9 months In a 
peisonal communication, Ochs added that the Wassermann test of the 
blood was negative, and that the skull, elbows, wrist, feet and all bony 
structuies were noimal roentgenoiogically , i e, that the condition was 
not Christian’s disease Blood cholesterol measured 800 mg per hun- 
dred cubic centimeteis, lecithin, 367 5 mg , mic acid, 2 9 mg , uiea 
nitiogen, 10 8 mg , sugar, 75 mg, and chlorides, 526 mg Two of the 
physicians who commented on his piesentation felt that the site of the 
nodules was not at the points of injection , nevertheless, Ochs’ view was 
strengthened by the presence of additional xanthomatous lesions around 
the scar caused by vaccination, which is rather conclusive This bi ought 
the condition unequivocally into the category of xanthoma developing 
from scars 

In the same category belong the xanthomas which Major recorded 
as developing around mosquito bites on the forehead of a diabetic boy 
of 16 The blood cholesterol in this case was 400 mg 

Papular xanthoma developed in and around a scar following an oper- 
ation for hernia on a child, aged 11 years (Aitom®-) A widespread 
eiythrodermia developed subsequently, when it disappeared, numerous 
xanthomatous papules remained Here again, youthful tissues weie 
conceined 

From xanthoma occurring m scais, which may be legaided as such 
in the strictest sense, it is but a step to the development of xanthoma in 
reactive tissue incidental to inflammatoiy skin lesions 

Pinkus and Pick’s ® patient, who was xanthomatous after recovei mg 
from an intercurrent attack of erysipelas, exhibited a residual, diffusely 
xanthomatous skin at the site of the erysipelatous lesion At necropsy, 
Hanot’s cirrhosis, pneumonia, diffuse pulmonary tuberculosis, a tuber- 
culous pericarditis and peritonitis, tuberculosis of the spleen, internal 

29 Schmidt, E The Xanthoma Question, Arch f Dermat u Syph 140 408, 
1922 

30 Ochs, B Xanthoma Tuberosum, Arch Dermat & Syph 22 922 (Nov ) 
1930 

31 Major, R H Xanthoma Diabeticorum, Bull Johns Hopkins Hosp 35 27, 
1927 

32 Artom, M Papular Xanthoma, Gior ital di dermat e sif 68 1060, 1927 
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pachymeningitis and cholelithiasis Avere revealed No statement Avas 
made as to the cholesterol content of the blood 

A more tardy development of xanthomas Avas observed by Lehzen 
and Knauss^” in tAVO sisters, aged 9 and 11 The youngei child had 
festers all over the body at 3, the xanthomas appearing at 4 The other 
sister had suffered a vesicular eruption preceding the xanthomas, but a 
useful dermatologic history could not be obtained 

Weidman’s observations on an experimentally cholesterohzed dog 
in part paralleled the foregoing expeiience, a diffuse xanthomatous 
infiltration developed in an intei current cellulitis of the scrotum It is 
cuiious that m spontaneous xanthomas of man the scrotum is also com- 
monly affected 

LikeAvise, but not quite so cleaily, a case of xanthoma Avith secondaiy 
keloids may belong in this series of cases of xanthoma developing in scars 
Legendre, Joltrain and Levy-Franckel called attention to xanthomas 
of the arms, forearm and hands , hoAvever, they contended that the asso- 
ciated keloids Avere secondary They studied then patient exhaustively , 
the blood cholesterol measured 300 mg per hundred cubic centimeters 
and the total fat from 4,121 mg to 5,545 mg The serum Avas 
milky at all times, regardless of the diet and the time of day These 
investigators injected the hpoidal extract from the serum into the skin 
of rabbits, folloAvmg Avhich a nodule that seemed to be sclerosed devel- 
oped A photograph of the arm shoAved typical linear keloids, AVith 
xanthomatous nodules in the adjacent vicinity One Avould be tempted, 
indeed, to conclude that the sequence of events in this case had been 
like that in Urbach’s case — ^that the xanthomas Avere secondary — ^Aveie it 
not that the studies AA'^ere evidently carefully conducted Thus, in obseiv- 
mg the development of a keloid, the authors found that it began as a 
macule and changed first to a tuberous papule, then to a xanthomatous 
plaque and thereafter to fibrous and keloidal plaques They emphasized 
that the keloids Avere secondary, not primary, lesions 

Pathogenesn of Xanthomatous Sca7s — In an attempt to reproduce 
scars expel imentally, one of us (F D W induced them in ten hyper- 
cholesteremic volunteeis by surgical removal of biopsy material from 
the elboAv All the subjects Avere eldeily and affected Avith nephritis, 
arteriosclerosis or diabetes — diseases liable to complications by hyper- 
cholesteremia Although the values for blood cholesterol ranged between 
264 and 448 mg per hundred cubic centimeters, xanthomatous lesions 
did not develop, noi Avere xanthoma cells found in the excised skin, even 
m the face of such a high concentration of blood cholesterol It is gen- 
erally agreed that hypercholesteiemia alone cannot account for the devel- 
opment of xanthomas , the appropriate conditions in cellular metabolism 

33 Legendre, R , Joltrain E , and Le^^^-Fra^ckel, G Xanthoma General and 
Disseminated AMth Secondary Keloids, Bull med , Pans 26 1043, 1912 
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must accompany it, and it appears that these do not regularly obtain in 
simple uncomplicated regeneration such as occurs in clean surgical 
wounds The development of xanthomatous changes lesides as much 
in the cell as in the fluid in which the cell is i eared 

Hermann and Nathan had the same experience , in a boy with 
hundreds of xanthomatous nodules there was no development of xan- 
thoma in a 2 year old scar Likewise, in a sister of about the same 
age none developed in scars caused by biopsy The brother did not 
exhibit hypercholestei emia, but the sister’s blood yielded a cholesterol 
value langing between 300 and 580 mg per hundred cubic centimeters 
on five diffeient occasions 

With this information, the way to an understanding of the mechanism 
of the development of xanthomas in scars is clearer To begin with, 
Anitschkow showed m the beginning of the knowledge of xanthoma- 
tous changes that fat could be demonstrated within gianulation tissue 
cells of healing wounds in twimal rabbits However, if hypercholester- 
emic rabbits were employed, the fats in these cells were found to be 
hpoid, 1 e, they contained cholesterol (presumably) rathei than neutial 
fats His classic experiment, employing seta (bits of cork dipped in 
turpentine), led to the development of xanthomatous cells, this, in pim- 
ciple, may be regarded as the development of xanthomatous changes 
m scars One may surmise that ycning fibrous connective tissue cells 
aie members of a group of cells which have an inherent propensity to 
take up fatty substances fiom the environment 

In the development of the xanthoma cell per se, the original souice 
of the lipids, whether local or part of a general hyperlipidosis, is not 
pertinent Stewart compiled a long list of local lesions (local m the 
sense that the hypercholesterosis is not generalized as part of an asso- 
ciated hypercholesteremia), such as dermoid cysts and galactoceles, m 
which xanthoma cells will be found That is, local conditions may 
account for an excess of lipids, such as obtain in connection with inflam- 
matory and associated degenerative processes, under the influence of 
which the immersed, actively growing fibrous tissue cells become stored 
and swollen with lipids This would explain the xanthomas in the 
syphilitic scars which Urbach described, and with which there was 
no associated hypercholesteremia 

On the other hand, wherever there is general hyperlipidosis, local 
lymphatic saturation is guaranteed, and it is then necessaiy only to add 

34 Hermann, F , and Nathan, E Genesis of Xanthomas, Arch f Dermat u 
Syph 152-575, 1926 

35 Anitschkow, N H Experimental Investigation on the Deposition of 
Cholesterol m Subcutaneous Tissue, Arch f Dermat u Syph 120 627, 1914 

36 Stewart, M J On the Cellular Reactions Induced by Local Deposits of 
Cholesterol in the Tissues, J Path & Bact 19 305, 1915 
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appropriate local conditions in respect to fibious and other cells to 
understand the development of a local xanthomatous focus This was 
the situation in Gittings’ case, in Pinkus and Pick’s case of erysipelas, 
in the experimental dog studied by one of us (F D W ) and in our 
case of zoster If one is to accept the opinion of Legendre, Joltram 
and Levy-Franckel, namely, that the keloids succeeded xanthoma, one 
must conclude that the formation of a scar did not enter into the xan- 
thomatous aspect of his case, i e, that these scars were sequelae and 
were residual after the xanthomatous infiltrations had become absorbed 

For the sake of convenience in clinical expression, we propose here- 
with the designation “scar xanthoma” in cases in which scars are in 
any way concerned in xanthomatous processes As already indicated, 
scar xanthomas may occur entirely apart from hypercholesteremia, oi, 
being part of a general hypercholesteremia, may be of diagnostic value 
and point in the direction of a grave fault of metabolism which in turn 
may be referred to important anatomic disease Attention is called to 
the ages (3, 7 and 11 years) at which some of the scar xanthomas 
developed 

Operative Intel vention m Xanthomas — This is generally directed at 
the biliary tract in view of the jaundice which usually attends, i e , quite 
legardless of the associated xanthomatosis Only a few cases have been 
leported 

The exploratory laparotomy performed on Weidman and Stokes’ 
patient was m the nature of removal of tissue for biopsy , hepatic tissue 
was obtained for histologic examination 

The lesion at the duodenal papilla in our patient was so indefinite 
that It was not identifiable as cancer at either operation or neciopsy 
In any event, the cardiac failure which overtook the patient prevented 
a just estimate of what the surgeon might achieve with a fair opportu- 
nity Incidentally, although the patients were not operated on, one 
should remember that cancerous lesions at the duodenal papilla have 
been met in previously reported cases of xanthoma (Pye-Smith’s case 
at necropsy and Moxon’s®® case of a noncancerous stricture) As to 
the cutaneous involvement in these cases, only the eyelids were affected 
in the fiist, but the xanthomatous lesions were extensive in the second 
Cancer of the bile duct was also associated in one of Pick’s cases of 
skeletal Gaucher’s disease, which is related at least to xanthoma, although 
there were no cutaneous lesions 

In three instances the patients survived operation In Wijnhau- 
son’s^» patient, traumatic pancreatitis was largely corrected, interest- 

37 Pye-Smitn, P Vitihgoidea or Xanthoma, Guy’s Hosp Rep 22 97, 1877 

38 Aloxon, W Simple Stricture of the Hepatic Duct, Causing Chronic Jaun- 
dice and Xanthelasma, Tr Path Soc London 24 129, 1873 

39 Wijnhauson, O J Xanthomatosis in Recurrent Pancreatitis, Berl khn 
Wchnschr 58 1268, 1921 
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ingly, crops of xanthomas preceded the several abdominal crises which 
weie incidental to the pancreatitis One of Futcher’s patients, who had 
an extensively xanthomatous involvement dermatologically, was cured 
aftei the removal of gallstones A second, with only xanthoma of the 
eyelid, was not improved There was hypertrophic cirrhosis without 
gallstones Posner’s experience was almost identical 

In the laryngeal cases of Finney^® and of Pusey and Johnstone, 
tracheotomy became necessary It may be added that xanthomas also 
occurred on the gums and in the laparotomy scars in certain of the 
aforementioned cases m which operation had been resorted to 

SUMMARY AND CONCLUSIONS 

In connection with an extieme hypercholesteremia (1,020 mg pei 
hundred cubic centimeters) in a patient with generalized xanthoma 
tuberosum, an acute xanthoma succeeded an intercurrent herpes zoster 
At necropsy, severe biliary cirihosis was found, which explained the 
hypercholesteiemia A polyp at the duodenal papilla was probably the 
primary factor in the disease complex Since the polyp eventuated in 
adenocarcinoma, attention is recalled to the role of cholesterol in pro- 
moting cell division and possibly cancerous hyperplasia 

In addition to cutaneous xanthomatosis, the deposits also occuiied 
mternally They appeared as plaques (in relationship with endothelium) 
on the splenic and hepatic capsules, m the intima of the gieat vessels of 
the neck and in the musculai tunic of the intestine The tabulation given 
shows the range of cutaneous and visceral involvements m all of the 
leports of necropsy available 

The lipids of the xanthoma cells weie preeminently neutral fats 
and not the cholesterol esters suggested by the hypercholesteremia and 
emphasized in the older literature 

Cutaneous xanthomatosis should prompt examination first, not alone 
of the cholesterol content of the blood but of the lipids in geneial 
Thereafter search should be made in respect to all conceivable causes 
already established for hepatic disease 

Instances of scar xanthoma are collected and analyzed, actively 
glowing fibrous tissue, whether in a local scar or in juvenile patients 
in general, appears to contribute factors leading to the development of 

40 Finney, W P Xanthoma Multiplex with Involvement of the Upper Part 
of the Respiratory Tract, Proc Staff Meet, Mayo Clin 6 667 (Nov 11) 1931 
Finney, W P , Montgomery, H, and New, G B Xanthoma Multiplex, J A 
M A 99 1071 (Sept 24) 1932 

41 Pusey, W A , and Johnstone, OP A Case of Xanthoma Diabeticorum 
and Lipoma Multiplex and a Case of Xanthoma Approaching the Diabetic Type 
with Diabetes Insipidus, J Cutan Dis 26 552, 1908 
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xanthoma cells The cells in old scars and in simple regeneration do 
not tend to become xanthomatous The application of this observation 
to spontaneous xanthomas is pointed out , i e , that a preceding derma- 
tosis may in some cases be the incitant to the formation of xanthoma 
To what extent this operates remains to be determined Local cutaneous 
suppuration, present in our patient, may have been the incitant to xan- 
thomatous formation by provoking the formation of young fibrous 
tissue 

Instances of surgical intervention in connection with xanthoma aie 
collected and abstracted Marked improvement succeeded in only one 
case 



NITROGEN AND SULFUR METABOLISM IN 
BRIGHT’S DISEASE 


VIII EFFECT OF INGESTION OF UREA ON NITROGEN EXCRETION 
AND SULFUR PARTIIION IN NEPHROSIS, GLOMERULO- 
NEPHRITIS AND CIRRHOSIS OF LIVER 

G P GRABFIELD, MD 

AND 

B PRESCOTT, B S 

BOSTON 

PrcAnous studies have called attention to the strongly positive nitio- 
gen and sulfiii balances in patients with the nephrosis syndrome ^ and 
to the tendency to negative balances in patients with chiomc glomerulo- 
nephiitis " More recently retention of urea was noted in a patient with 
nephrosis,® confiiming the eailiei obseivations of Peters Later obser- 
vations by Peters ° were interpreted by him as indicating a similar 
retention of urea fed to normal subjects, though of lesser degiee than 
was the case in patients with nephrosis These conclusions were con- 
tested by Kocher and Torbeit,® who, howevei, failed to lepeat Peters’ 
experimental conditions, as they studied subjects on protem-free diets 
wheieas all the other experiments were done by feeding urea to sub- 
jects on an adequate mixed diet It seemed desirable to see if further 
experiments could be devised to reconcile the contradictory findings, 
which may be summarized as follows Peters repoited the letention of 
huge amounts of crystalline urea fed by mouth to patients with so-called 
chronic nephrosis In a recently published case we have confirmed these 
findings On the othei hand, Peteis lepoited the retention of small 
amounts of urea fed to the normal human subject His findings in 
the normal subject were explained by Kocher and Torbert by calling 
attention to the delayed excretion of the extra urea in Peters’ experi- 

From the Medical Clinic of the Peter Bent Brigham Hospital 

This work was done under a grant from the Proctor Fund for the Study 
of Chronic Diseases of Harvard University Medical School 

1 Grabfield, G P J Clin Investigation 9 311, 1930 

2 Grabfield, G P J Clin Investigation 10 309, 1931 

3 Grabfield, G P Nitrogen and Sulphur Metabolism in Bright’s Disease 

IV Retention of Urea in the Nephrosis Syndrome, Arch Int Med 52 632 (Oct ) 

1933 

4 Peters, J P, and Moore, D D J Clin Investigation 6 5, 1928 

5 Moore, D D , Lavietes, P H , Wakeman, A M , and Peters, J P J 
Biol Chcm 91 373, 1931 

6 Kocher, R A , and Torbert, H C J Biol Chem 95 427, 1932 
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ments, though their own experiments weie done on fasting subjects 
All the studies so fai lack various elements of certainty, such as 
anal}ses of the food and of the stool in some, and the experimental 
conditions have varied None has included an investigation of the 
excretion of sulfur, and none has taken account of the proteinuria 
It seemed worth while, therefore, to repeat the experiments, supplying 
all the missing conditions so far as possible 

In order to make this comparison, we deviated from Peters’ regimen, in that 
our doses of urea were less, but it was not deemed advisable to give as large 
doses to a patient with glomerulonephritis as can be easily taken by patients with 
nephrosis, for example It therefore seemed desirable to give the same dose 
of urea (20 Gm a day) throughout all the experiments We carefully selected 
two patients whose conditions represented as nearly pure examples of the nephrosis 
sjmdrome and glomerulonephritis as was possible As we have previously presented 
evidence suggesting that an extrarenal mechanism might explain the metabolic 
findings. It seemed desirable also to include a patient presenting a classic picture 
of alcoholic hepatic cirrhosis As a further control, one of us was studied on 
the regimen to be outlined presently The important differentiating laboratory 
findings in these cases are presented in table 1 Case histones and detailed results 
of the experiments are also included The purpose of this regimen was to pro- 
\ide an adequately balanced diet which would have the minimum of chemical, 
vaiiation from day to day It was evident that such a condition could be best 
obtained by feeding exactly the same foods in constant amounts every day of the 
experiment Such a diet is monotonous, and only the perfect cooperation that we 
obtained from the patients and the dietitians enabled us to use these ideal experi- 
mental conditions Careful investigation by the dietitians of the patients’ likes 
and dislikes enabled them to provide a diet that the patients were able to eat 
for four weeks Care was taken to provide the same cut of meat and similar 
portions of vegetables The diet was calculated from standard diet tables Dupli- 
cate diets were then prepared every day (in some experiments, twice a week) 
and were analyzed by periods (table 2) Care was taken to reduce loss of water 
m cooking to a minimum, and the duplicate diets were cooked simultaneously 
and in similar containers The food was weighed before and after cooking to 
check the loss of water Fluids were measured, and sufficient was given to make 
the daily total constant, including the amount of water in the food No salt 
was used in cooking, and a weighed amount of sodium chloride was given each 
day Collections of stool were made daily, the various periods being marked by 
carmine or charcoal The total nitrogen and sulfur of the stool was determined 
from a sample of the mixed stool for the entire period Collections of urine 
■were made daily under toluene or preserved with thymol dissolved in chloroform 
The bottle for urine was kept in an icebox by the bedside, and the patient voided 
directlv into the bottle Urinary analyses for creatinine, total nitrogen, urea nitro- 
gen, amino-acid nitrogen and the complete sulfur partition were made daily, both 
for the urine as voided and for the filtrate after the protein had been precipitated 
by heat and 0 5 per cent acetic acid The solution of urea was analyzed both 
for total nitrogen and for urea, and it contained by analysis 497 mg against 
a theoretical SOO mg in the samples analyzed In the calculations we have used 
the tlieoretical nitrogen content 
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Standard methods of analysis were used the Fohn " methods for creatinine, 
total nitrogen, urea and aniino-acid nitrogen and the Fiske ® methods for the 
sulfur partition Feces and food were dried after acidifying with hydrochloric 
acid and then analyzed for nitrogen by the Kjeldahl method and for sulfur 
gravimetncally by oxidation with sodium peroxide and precipitation as barium 
sulfate The results m the individual cases are given m detail in the accompanying 


Table 1 — Data foi 

Thiee Patients 




Nephrosis 

Nephritis 

Cirrhosis 

Blood urea nitrogen, mg per 100 cc 

14 

1121 

11 

nonprotem nitrogen, mg per 100 cc 

OS 

S5 

23 

total protein, Gm per 100 cc 

4 

06 

7 

albumin, Gm per 100 cc 

17 

39 

4 1 

globulin, Gm per 100 cc 

23 

27 

29 

cholesterol, mg per 100 cc 

C15 

275 


calcium, mg per 100 cc 


10 3 


phosphate, mg per 100 cc 


4 


creatinine, mg per 100 cc 


12 


Bhenolsulfonphthalein excretion, percentage 

45 

65 


Urea clearanee, percentage 

Galactose, Gm excreted in tire hours 

83 S2 

80 S7 

12 

Bromsulphalem 



Normal 

Urinary albumin 

Large 

trace 

Verr slight 
trace, 

slight trace 

0 

Urinary sediment 

Double 

retractile 

lipoids 

Oasts, -*-+ 

0 

Hemoglobin, percentage 

SO 100 

100 

55 90 

Erythrocytes, million 

413 5 

54 

2 7 4 5 

leuhocytes, thousands 

1015 

810 

5481 


Table 2 — Detailed Data on the Diet of Thee Patients and One Normal Subject 


Nephrosis Nephritis Cirrhosis Normal 

* A - — ^ -A 



^ 

1 

, ' 

Prom 


/ 

-A 

A 

r 

By An 


Prom 

By An 

By An 

From 

By An 

From 

Daily Intake 

Tables 

alysis 

Tables 

alysis 

Tables alysis 

Tables 

alysis 

Calories 

2,509 


2,472 


2,440 


2,644 


Carbohydrate, Gm 

314 


201 


209 


249 


Eat, Gm 

100 


148 


140 


147 


Protein, Gm 

104 

100 2 

85 

83 7 

75 

79 8 

81 

80 6 

Sulfur, Gm 

1 20 

1 22 

107 

102 

113 

112 

121 

119 

Sodium, Gm 

125 


116 


125 


150 


Chlorine, Gm 

190 


173 


185 


2 24 


Sodium chloride as such, Gm 

2 00 


100 


400 


400 


Water of food, Gm 

1,605 

1,633 

1,541 

1,643 

1,551 

1,646 

1,697 

1,674 

Water as such, cc 

73G 


1,000 


1,080 


1,200 


Total water intake, cc 

2,401 


2,541 


2,031 


2,897 


protocols, and summarizing 

tables 

from 

these 

results 

are 

included 

to facilitate 


discussion In these tables the results are presented as of three periods in 
each case, the first being the control period, the second the period of administration 
of urea and the third the posturea period The posturea period is divided into two 


7 Fohn, O Laboratory Manual of Biological Chemistry, ed S, New York, 
D Appleton-Century Company, Inc , 1934 

8 Fiske, C H J Biol Chem 47 59, 1921 
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sections, the latter of which represents the return to normal and the first an 
intermediate period between the administration of urea and such a return The 
numbers in these tables represent the average daily figure for the period 

Case 20 — A white man aged 22 first enteied the hospital on Sept 21, 1933, 
complaining of swelling of the legs and pain in the back He had been well 
until ten weeks before entry, when without previous illness or a history of medi- 
cation or exposure to renal irritants, he first noticed swelling of the ankles and 
legs At that time he stayed in bed under medical care, with relief of symptoms 
On getting up he had an ache m the right iliac region, and the swelling reappeared 
The cycle of edema when he arose and disappearance of the edema when he was in 
bed continued for ten weeks He had felt listless and had had some mild headaches 
Physical examination revealed tenderness on pressure in the right iliac region 
and edema of the ankles and apparently of the uvula The urine showed a specific 
gravity of 1 025 and contained a large amount of albumin and many red blood 
cells and casts The blood pressure was 134 svstolic and 82 diastolic The urea 
nitrogen content of the blood was 7 mg , and the nonprotein nitrogen content was 
22 mg, per hundred cubic centimeters Chemical analysis of the blood showed 
total protein, 4 5 Gm , albumin, 2 1 Gm , globulin, 2 4 Gm Excretion of phenol- 
sulfonphthalein was 65 per cent On August 24 the average urea clearance was 
85 per cent In September a chemical analysis of the blood showed total protein, 
4 Gm , albumin, 1 7 Gm , globulin, 2 3 Gm , cholesterol, 615 mg , and non- 
protein nitrogen, 38 mg , per hundred cubic centimeters Throughout the patient’s 
stay in the hospital there was mild leukocytosis but no anemia The urine 
constantly showed a large amount of protein and a moderate number of casts 
The patient was readmitted to the hospital for these experiments and showed 
findings that were essentially unchanged, except for a diminution in the excretion 
of phenosulfonphthalem to 45 per cent, which ultimately decreased to 20 per cent 
He was discharged after the completion of these experiments, apparently in the 
same condition as on entry He was readmitted a number of times and showed 
a steadily decreasing renal function He died on Nov 11, 1935 Autopsy showed 
contracted kidneys typical of chronic parenchymatous nephritis 

Case 21 — A white man aged 23 was admitted to the hospital on Sept 7, 1934, 
for the present study His family history was of no importance Five years 
before he had bilateral otitis media and two years before scarlet fever He had 
nonspecific prostatitis six months before In August 1933 he was admitted to the 
surgical service of the hospital for removal of a pilonidal cyst At that time 
albuminuria was noted From that time on he was followed in the medical 
outpatient department On Jan 9, 1934, examination of the blood showed total 
protein, 7 2 Gm , albumin, 4 1 Gm , globulin, 3 1 Gm , and nonprotein nitrogen, 
20 mg, per hundred cubic centimeters The albuminuria had persisted Shortly 
before he entered the hospital for the present study he was infected over the 
face and right hand with poison ivy, but the inflammation had almost disappeared 
Phjsical examination revealed dilatation of the right pupil due to medication for 
iritis, for which he had been treated at the Massachusetts E 3 ’^e and Ear Infirmary 
during the ten da>s before his admission for the present study, otherwise there 
was no remarkable finding The blood pressure was 130 systolic and 80 diastolic 
The other laboratorj-^ findings are given m table 1 He remained free from 
Ejmptoms during his staj in the hospital 

Case 22 — K white man aged 38 first entered the hospital on June 26, 1934, 
because of hematemesis three hours before He had a syphilitic lesion in 1920, 
which had been treated with mercury and arsenic for two years In 1919 and 



Table 3 — Data fo> Patient (Case 20) zvitJi Nephiosis 



s *5 's tfl 

^ M 3 :3 w 

Jz; 4J CQ H-J leq 


CO ca <M lo 
CO tH O CO »-< 
rH 1— < r-( r-< CM 


OCOOOOCOOO 
CO »-< OJ i> CO C5 
rS r-( f-< 


.q'3'sS M 

>H - j, oTv. 

O C 3-w W 

C3 C3 c3 ^ 


g i'^oio COO cp 
Cl t- o o o o 
CO cj ■'S* £5 lo »<ai 


CO oco o o 

lO 05 C5 C<1 O CO 
CO 05 CO CO CO 




S tOCOb-C5 
05 JL'- lO O 
CO lo 


oocoocooo 

CO 05 CO 05 CvJ CO CO 
CO CO lO lO U3 lO lO 


05 2* ri 52 CO 
05 t-- C5 lO CO 05 
-131 CO CO 


•<^'3 ^ ^ 


oicO’mcst- 
lf5 CO CO rH 
LO la Lo CO c^ 


OC0rHO65C>O 
C5 10 •nl O 0 10 
CO CO t- t'- CO £» 


OJ CO C5 O O CO 
lO 10 C5 I'- W 05 o 
'S' ^ lO CO la 10 


I S^^qta 

1^1 SS 


W r-l 
CO C5 Ift CO 
rl rH 05 05 


■^COCOOCOh- 
t^CO OCO CO O 
05 tH 05 01 i-i 05 


C3 O • _ 
C5U.CS 
U. -iJ C5 C 

mO 


05*^ lO 05 •<4< 


CO*^ C5 0 C5 10 O 
rH CO 05 CO 10 


O 05 05 CO i-< CO 
rH CO 00 t*- CO 00 CO 


r o ^ 
•*-=* ui n s 
o-w 

MO 


C5lO o C<JC5 
C5C0 C5 C5 CO 


05 r-l CO O CO C5 05 


OCO-^lOCOOrH 
05 C5 tH C5 C5 C5 C5 


CO 50 CO COO 

CO r- I- 05 o 

CO 05 t”- CO 


»a ir5 o O O 05 CO 
CO C5 CO r- o CO 

CO •rj' C5 '.Ji 

rs iH rH tH tH r-l rH 


3 ccTi ui ta 
CJ u 53 3 

CO to 0 COCO 
00 05 C5 CO to 
X X X X 05 

t-* to CO X CM t- C5 

t«- CO CO P 0 05 to 
X 0 05 C5 05 P P 
X X X 05 

Elbe 

real 

Sul 

fate, 

Mg 

05XC5C5CO 
O5C5C5 00X 

CO C5 C5 CO 05 P CO 
CO W X 05 tP CO 

X Q CO X X h«- © 
O5 00COXCOXX 

Inor- 

ganic 

lulfate. 

Mg 

COCO to CO CO 
cor-r- C5 CO 
CO CO CO X 

X P to X 0 P 
COCOCOOCOxp 
CO CM X 1^5 0 to —i 

r-cpPOrMiA© 

CO 0 to X 0-1 X 0 
CO COCO X X X CO 


^!>’«-MOOC5 
O CO r** rH 
"•T* XI ’'*< 10 10 


Xf CO O 05 O O 
CO CM XI 05 X Cp 10 
CO cO 10 10 io o to 


00 00 05 r-l CO 01 O 
0» CO XI »f5 10 CO CO 
~i CO Xl X* X X X* 


CO 05 -*< r-l CO 
CO C5 CO CO O 

to 10 coi>i:^ 


r-t -*l O rH -H C5 
on CO 10 CO CO CO to 
CO CO t- 1> t-. t- 


»0 r-l 10 O CO la 

C5 CO la I— la CM 
XI xi la CO CO 10 to 


s g a ta 


r- tx 05 CO 
COO to C5 
i-H 05 05 ^ 


05 XI r-l 05 Xt 


00r-tC5i^r-i^-i- 
rH CO C5 X to CO X' 
r-l f' fH 1-5 rH rH rH 


O CO i-l CO CO 05 O 
tH CO CO CO CO CO CO 


C3 O • 

•ui ui a a 

o 5-3 O M 

Ph-? WC5 


r-t XI 05 — 1 o to 00 


10 CO t- t- CO CO C5 
to X 05 05 rH r-l rH 


X X 05 t— 05 
CO o O CO CO 
05 to CO CO X 


X O 05 00 01 CO X 
Cl to I-- --H CO CO to 

05 O) 05 05 X 05 X 


00 O C5 05 'X 

to CO m CO CO 
to to to to to 


C5X05 05 050CO COCOC0O5XXlX 
cp O CO <0 CO CO to to to to CO CO «P «0 
^ to to to to to to to to to ^ to ^ to 


05 05 CO CO 

oopox 


CO X to CO t- 00 C5 OXOtCOXtOCO 

, , j X X rji X X X X 

05 Co X 10 CO t- CO C5<^X05COXlO 



ThMix-A—Data foi Patient (Case 21 ) zvith Glomeiulonephutis 


Ah m 


«£3sw 00 i-i ca ci 00 

gnJCQviH T-» 


t-» CQ i3 I*il 


ca O 


a ?_C 
J-H fcX)‘' 


iSS 


St 

o 

u 

(1h 


% 

gS, 


4-> bX) 

ga 


S-g 


VO w oa -?p 

«-r o lO Caco 

C^C>4 O'} 

r-i r-i !-?r^ 


■3 CO CO W ov 


nSgcu 

S<!!SS3 


o2cP V0M<03rt)MC0 

oooooo 

bflO 1-i r-i t -4 r-v »H 




* ? S 

bilO 


C Cj 

p'^ 


C 3 cO <;D C<l tH 
c^oa<Mc^oac5 


O Ooo OO 
GO vom oa*v o 
cKc^rKc;;>^t^O 
rH rH ©a 


oe^<owaM<^^ 
oSOsCh Or-4Sc>o^ 

rM-» f-l f-l »-« fH 

O ^ ej . 

cacacac?oaoo 
y mOQ«h^ »-^ 

CJ 

CO C^ o -H* CO b- 

o C ^ hD oagOrHO^co 

Og«*w^ OOr-<rHOO 

S tOD^ rTrSrHf-TrH f-H 
03 


c3t^ . 
to 

o — S 

£m 3*^ 
02 


3 , 


d 1 -t o CO ca 
ca CO O ^ 

T-M f* c^ c* w t-< 


oa ca t- lO vft »-< 
oa oa o CO 

04 <M CO CO c^ CJ 


idTJ O « 

S c to 

™ O +3 cj *— < 

a<j^ tfl^^i 

«3« 


S*^ ° ^ S 

p C3<J toO 


« O ^ ^ 

•u C C 

O 4J C3 js 
^gtoO 


<NCOCOCOC4C4 


VO 00 CO CO 

ooc>ooo 


r-i 'ijf oa ca 

CO CO CO CO oa «M 


O'- 


a »o >n O ca N ca 

a O O '«* CP o rH 
a t-H O oSoo 


vn oa o o CO o M 

t^ -1’ CO C^l CO t- CO 
f-H C^ I-H c3 |-< rH l-M 


CO o CO CO oa o vA 
CO 00 o CO oa oa CO 


ua Oa ifa H o CO 
Oa C) rH 00 rH O O 

r-» Cva oi m ca M (M 


. « o ^ ^ 

o vca V'- ^ CO 

oacaca oToToaea 


8? 


cocaoa CO Oa c 


«0 CO »-4 CO «o o 

Ca t-H <aa CP tM o o 

r-i oa caa (N «rj 


15 ^ ©4 w 00 
00 O CM o r-* oa CO 
C4 CO CO CO CO CM ©a 


©a oa o r-» oa » o 

O tM -li O r- O O 
r-i O OO O i-» rH 


S -4< lO oa t-^ox 

r-l (M-^ oooa C 
i-H rH r-i rH O t 


O CO lO 00 ©4 tH t- 


(M ©a ©i^oa i-H c 

rH rH r-^ rH rH r 


V© o ©a Mi O CO r-J 


Ca oa O oa CO O T-t 

Mi o ©a rH O ©J ©J 

rH iH rH rH t-H rH tH 


oopinooo 
VQ »© ira ©1 ^ o o 
CO^r^i.-^©CO o 
©r ©r ©f rH i-r©4 ©a 


©a rM CO CO r-» CO *--1 

CO Oa I'* r-i ©J Mi o 
r-i O O r-i I— • r-i 


©4 CO o CO CD CO ©a 
©4 i-- CO ca O (M Mi 

©a T-i T-i r-i ©I ©a ©1 


r-ir^iHr-ir-ir-irH iMr 


CO Mi ©1 CO CO CO 

r-i CO lO 00 oa o ©a 

CO ©4 ©a ©a ©1 CO CO 


CO o CO CD ca O m iCa O ©4 Mi o co r-C 


-*Jcj I— lOtOCOCaO 
C)>^rM caoaooOO 
*-• C'^ _r r^r-T 

o ^ -1 — 


'5'Sltj) ““CJOOO 

ri iM r-i t -4 r^ T-* 

vDiDuaiDVOio 


caco-MiAot'- 
r-f i-i r-i i-K 
r-i ©4 eO Mi VO CO 
^ 1 — i r-4 1 -f r-( r-« 

cacao caca 


CO 004 t-©- Ca ID 


■^tl-MilDOph- 
52 O t> CD o o ca 
O r-l O O I-H r-i O 


O'MMiMiMiOO 


OCaCa Ca Ca Ca ca 


CD r-i oa O tH r-i O 
VD ©4 ©J CO CO CO CO 


Mi CO r-i Mi CO Oa Mi 
r-i CO Mi Mi CD »D CO 
r-i OC> OO OO 


COOOOMicOCnO 

rM r-i r-i t-4 ©1 
VD ID ID VD lD VD VD 


© 4 C 4 C 4 © 4 C 

ca Ca ca Ca ca Ca Ca 


GRABFIELD-PRESCOTT— BRIGHTS DISEASE 


829 


again in 1932 he had also had gonorrhea He had always been a heavy drinker, 
particularly in the last two years During the last two or three months he had 
consumed from a pint (473 cc ) to a quart (946 cc ) of whisky a day He dated 
his present illness from February 1934, when he noticed the onset of weakness 
and loss of ambition During the last two months he vomited every morning 
Three hours before the entered the hospital he drank a pint of whisky and one hour 
later vomited what he estimated to be a quart of blood 

Physical examination showed that he was pale and had a clammy skin The 
blood pressure was 106 systolic and 86 diastolic The spleen was enlarged to 
percussion The edge of the liver was felt 9 cm below the costal margin The 
patient had some delusions at night, which a psychiatrist believed were due to 
alcohol A blood count showed 2,600,000 erythrocytes Esophageal varices could not 
be demonstrated roentgenographically No lesions were observed in the gastro- 


Table 5 — Data foi Patient (Case 22) with Ciiihosis of Lwer 








Ammo 


Inor 

Ethe 

Neu 







Total 

Urea 

Acid 

Total 

game 

real 

tral 

Total 




Creati 

Nitro- 

Nitro 

Nitro- 

Sul 

Sul- 

Sul 

Sul 

Sul 


Date, 

Weight, 

Urine, 

nine. 

gen, 

gen, 

gen, 

fate. 

fate, 

fate, 

fur. 

fur, 

Pe 

1934 

Kg 

Ce 

Mg 

Gm 

Gm 

Mg 

Mg 

Mg 

Mg 

Mg 

Mg 

nod 

7/31 8/1 

67 0 

900 

1,296 

83 

61 

165 
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686' 
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795 
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87 
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644 

599 
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692 



intestinal tract Lumbar puncture showed that the fluid was normal The urine 
showed no abnormality, and the blood count rapidly returned to normal The 
course during the patient’s stay in the hospital was uneventful At the time of 
his discharge, on August 21, the only abnormal physical sign was the enlargement 
of the liver, the edge of which could be felt 4 cm below the costal margin 


OBSERVATIONS AND COMMENT 

As can be seen fiom table 7 , our lesults confirm previous obsei- 
vations as to the retention of nitrogen and uiea in nephrosis Since we 
were able to confirm these results under the present experimental con- 
ditions, 111 which eveiy possible factor was rigidly conti oiled, doubt as 
to technical errors must be excluded from consideration It is evident 
also that the earlier observations on the excretion of ingested crystalline 
urea by a normal subject can be substantiated In the urine and feces 
of our normal contiol we weie able to account for all the urea fed 
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save 0 4 Gm per day, which is the amount usually stated to be excreted 
in the sweat This experiment was carried out in July, and the subject 
was not in bed, so that this loss in the sweat is entirely reasonable 


Table 6 — Data jar Nonnal Subject 
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Table 7 — 

-Details of the Aveiage Daily Nitrogen Balance 
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1 

6 

13 4 

14 4 

10 5 

—10 

-+-0 0 

08 

—02 

nephritis 

2 

7 

22 7 

234 

18 7 

—07 

- h 8 2 

21 

-fl 4 


3 


13 4 

16 5 

12 5 

—31 

- f 2 0 

07 

—24 



(6 

13 4 

13 8 

10 2 

—04 

-03 

11 

- f 0 7 

Cirrhosis of 

1 

6 

129 

97 

66 

- 1-3 2 

-tfiO 



ilver 

2 

6 

21 3 

17 6 

12 7 

- i -3 7 

- 1-61 




3 

\l 

12 0 

13 9 

10 7 

—19 

- f 41 





(6 

12 0 

10 0 

70 

- i -2 0 

- 1-0 4 



Konnal 

1 

5 

13 0 

129 

10 0 

- 1-01 

- f -00 





7 

223 

20 6 

17 5 

- i -17 

+7 5 




3 

i 5 

12 8 

14 4 

113 

—1 6 

-fl 3 





^2 

12 8 

12 5 

94 

- f 0 3 

-06 




* TBo column headed T^ea Balance shows the amount of urea nitrogen accounted for, using 
°r urea in the first period as a base line The second period is the one during 
which urea was administered 


Similaily, ve were able to recover all the urea fed to the patient with 
glomerulonephritis On the other hand, in the patient with nephrosis 
and in the one \Mth hepatic cirrhosis it was not possible to account for 
the urea ingested This leads inescapably to one of two conclusions 
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Either the urea ingested is utilized in the economy or the substance is 
stoied in the body as such The latter denies fundamental physico- 
chemical considerations, in that urea is not demonstrable in the blood 
In other words, if uiea is retained m the body as such, it should appear 
in the blood, as it is so leadil)'- diffused through cellular membranes 
On the other hand, it must be lemembeied also that urea is an obliga- 
tory end-product If, therefore, it is not stored, it must be excreted in 
some combined form This hypothesis gains support from the evident 
fact that the nitiogen balance is closer than the urea balance It is also 
true that this is at the expense of the increased excretion of protein 
It has heretofore been assumed, not unnaturally, that the positive nitro- 
gen balance so invariably seen during the nephrosis syndrome is con- 
cerned with the replacement of the depleted serum proteins, but this 
explanation cannot be applied to the patient with cirrhosis, though the 
relation of the serum proteins is reversed in this condition ° The simple 
replacement of serum proteins by ingested protein seems inadequate to 
explain the metabolic phenomena in these cases and fails to explain 
the utilization of urea which seems to occur That this utilization occurs 
is suggested by the observation that the total nitrogen balance in the 
patient with nephiosis seemed closer than the urea balance during the 
period when urea was ingested, this approach to balance was attained 
at the expense of an inci eased excretion of protein We believe this 
point to be significant, in that it suggests that the protein excreted may 
be an end-pioduct of protein metabolism — a faulty one to be sure 
This idea receives further support from the fact that this excreted 
protein is veiy low in sulfur, unlike the protein in other cases of albu- 
minuria that we have studied and which have been i eported elsewhere 
When we consider the sulfur metabolism in these subjects we find 
that a perfect balance was attained in the normal subject (table 8) 
Both the patient with nephrosis and the one with cirrhosis showed a 
strikingly positive balance, while the patient with glomerulonephritis 
showed an equally important negative balance The laws governing 
sulfur balance aie probably similar to those regulating nitrogen balance 
However, it must be remembered that there is evidence that the sulfur- 
rich moiety of the protein molecule has a separate metabolism from the 
sulfur-poor portion It is evident from these expeiiments that under 
pathologic conditions the two may be distinct The patients with glo- 

merulonephiitis showed a negative sulfur balance apart from the protein 

/ 

9 O’Hare, J P , and Driscoll, Margaret, in Medical Papers Dedicated to 
Henr}^ Asbury Christian, Baltimore, Waverly Press, Inc , 1936, p 639 

10 Grabfield, G P , and Prescott, B Studies on Nitrogen and Sulfur 
Metabolism m Bright’s Disease VII Sulfur Content of Urinary Protein, Arch 
lilt Med 57 1081 (June) 1936 

11 Lewis, H B Physiol Rev 4 394, 1924 
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excreted, and this must have come from the sulfur -iich moiety of the 
protein molecule or from some completely abnormal sulfur product 
The latter theory is unlikely, m that the sulfur partition was unchanged 
from the normal No effect on the sulfur partition was discernible as 
a result of the administration of urea (table 9) In all the patients 
except the one with nephrosis the change in balance was slight, but 
what change occurred was in a negative direction, which is what would 
be expected when the diuresis is considered The changes in the patient 
with nephrosis were of a much higher order and in the opposite direc- 
tion, not only the period during which urea was administered but the 
posturea period as well showed a significant increase of an already 


Table 8 — Data, for Salfw Metabolism * 






Sulfur 
Output in 


Protein 

Net 




Sulfur 

Urine and 

Sulfur 

Sulfur, 

Sulfur 




Intake, 

Peces, 

Balance, 

Output, 

Balance, 

Subject 

Period 

Days 

Gm 

Gm 

Gm 

Gm 

Gm 

>cphrosis 

1 

5 

121 

0 70 

+0 51 

0 06 

+0 57 


2 

7 

122 

0 67 

“i"0 55 

0 02 

+0 57 


3 

4 

124 

0 60 

+0 64 

0 05 

+0 69 



3 

124 

0 61 

+0 63 

002 

+0 65 

Glomerulonephritis 

1 

G 

1 02 

186 

— 0 34 

0 05 

-0 29 


2 

7 

102 

1 34 

— 0 32 

012 

-0 20 


3 

1 

1 02 

1 39 

— 0 37 

018 

-019 



6 

102 

135 

-0 33 

0 08 

—0 25 

Cirrhosis of liver 

1 

6 

111 

0 77 

+0 34 




2 

6 

112 

0 82 

+0 30 




3 

1 

112 

0 91 

+0 21 





6 

112 

0 80 

+0 32 



Normal 

1 

5 

119 

125 

— 0 06 




2 

7 

119 

124 

— 0 05 




3 

5 

120 

125 

— 0 05 





2 

1 20 

1-23 

—0 03 




* These data correspond to the figures shOT>n for the nitrogen metahohsm given in table 7 


important retention of sulfur This may indicate a use of the retained 
urea m combination with the "extra sulfui” retained during the feeding 
of uiea 

If the sulfur metabolism is intimately bound up with the protein 
metabolism (and there is no doubt that much if not all of it is), some 
light may be shed on these findings by a comparison of the excretion 
of sultui with that of nitrogen Indeed it may be possible by this 
comparison to determine whether these vaiiations are due primarily to 
a pathologic protein metabolism, since in subjects under normal metabolic 
conditions and in a good nutritional state the nitrogen-sulfur ratio of the 
urine approximates that of the food or is eien somewhat lower Con- 

12 Hawk, P B Unn PennsjKania M Bull 18 1, 1905 
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sequeiitly, vaiiations in tins latio in the urine and feces suggest which 
part of the protein molecule is being metabolized and which is being 
utilized Fiom table 10 it will be observed that the patient with nephrosis 


Table 9 — The Snljw Paitition Expressed as a Pei centage of the Total Uiinaiy 

Siilfni 





Total 

Inorganic 

Ethereal 

Neutral 

Subject 

Period 

Dajs 

Sulfate 

Sulfate 

Sulfate 

Sulfur 

Xephrosis 

1 

5 

76 

65 

11 

24 


2 

7 

79 

72 

7 

21 


O 

4 

S4 

70 

14 

16 



3 

78 

72 

6 

22 

Glomerulonephritis 

1 

C 

92 

SO 

6 

8 


2 

7 

93 

85 

8 

7 


3 

1 

93 

SG 

7 

7 



G 

93 

SO 

7 

7 

Cirrhosis of liver 

1 

G 

£2 

85 

7 

8 


2 

G 

90 

SI 

9 

10 


3 

1 

92 

82 

10 

8 



6 

92 

84 

8 

8 

Normal 

1 

b 

95 

89 

G 

6 


2 

7 

91 

89 

5 

G 


3 

5 

94 

89 

5 

6 



2 

94 

89 

G 

G 



Table 

10 — The Ntti ogeit-SiiIfur 

Ratio 







Nitrogen Sulfur Batio 





f 


Protein 


Total 

Subject 

Period 

Days 

Intake 

Drme 

Eree Urine 

Peces 

Output 

Nephrosis 

1 

5 

12 9 

17 4 

14 8 

61 0 

17 7 


2 

7 

20 3 

32 2 

24 9 

26 6 

32 7 


3 

4 

12 G 

25 2 

21 3 

19 5 

23 9 



3 

12 6 

20 3 

16 4 

20 2 

Glomerulonephritis 

1 

C 

131 

10 4 

10 0 

15 0 

10 6 


2 

7 

22 2 

1G8 

18 3 

11 8 

17 5 


3 

1 

131 

11 9 

116 

112 

118 



0 

131 

10 0 

SO 

10 2 

Cirrhosis of liver 

1 

G 

11 G 

12 0 


19 7 

12 6 


2 

6 

19 0 

21 8 


18 2 

21 5 


3 

1 

10 7 

16 9 


18 2 

15 3 



6 

10 7 

11 8 


12 5 

Normal 

1 

0 

10 9 

96 


60 8 

10 3 


2 

7 

18 7 

16 0 


501 

16 6 


3 

5 

10 7 

11 0 


50 C 

11 5 



2 

10 7 

94 


10 2 


Note tho high ratio of the output of the patient uith nephrosis 


showed the highest figuies in eveiy period and that this is equally true 
when only the nonprotein poitions of the mine are considered Even 
highei figures for this value have been pieviously leported^ It should 
be noted also that the exhibition of uiea caused a greatei use in this 
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ratio in the three patients than in the normal subject Ordinal ily the 
diuresis produced by urea would make one expect a slight mciease in 
the excietion of sulfur, instead of which one sees by the use m the 
ratio with what tenacity these patients held on to sulfur As a further 
investigation, it seemed woith while to compare the excretion of inoi- 
ganic sulfate with the excietion of urea These two fractions of the 
sulfur and nitrogen excretion aie supposed to repiesent the end-products 
of protein metabolism, and such a comparison of the ratios indicates 
whether the nitrogen-sulfur ratio was an adequate repiesentation of the 
course of the protein metabolism in these patients and also whether 
the administration of crystalline uiea had any effect on this metabolism 
When the nitiogen-sulfur ratio of the food ingested is compared with 
either the nitrogen-sulfur ratio of the urine or the urea nitrogen- 
inorganic sulfate ratio, it is evident that only the patient with nephrosis 
selectively retained sulfur, and it is fuither evident that the adminis- 
tration of uiea called forth a greater relative diminution in the excretion 
of sulfur in this patient The relationship of uiea nitrogen to inorganic 
sulfate is a closer index of the food metabolized than the total nitiogen- 
sulfur ratio though of course theie is a strong parallelism On the 
other hand, this means that one is foiced to conclude that the protein 
of the diet is handled in a normal fashion so far as the portion that is 
excieted is conceined 

Can any fuithei information be obtained from the other sulfur or 
nitrogen fractions^ The neutral sulfur seemed to lepiesent a slightly 
larger fraction of the total sulfur in the patient with cnrhosis and a 
considerabl)’’ laiger percentage in the patient with nephrosis, being more 
than double the normal on the average The significance of this increase 
m neutial sulfui is not clear, though variations in this fraction are 
usually referred to changes in the intermediary protein metabolism 
Similar considerations apply to the ethereal sulfates, except that in the 
patient with nephrosis a striking effect was produced by the adminis- 
tration of urea in a lowering of this fraction This is difficult to explain, 
as this fraction is alleged to arise from intestinal putrefaction and to 
be an index thereof How urea, an indiffeient, completely absorbed 
substance, can effect the excretion of ethereal sulfate is difficult to 
imagine unless one is dealing with some sulfur linkage similar to that 
described by Johnson^® and conjugated in these patients to ethereal 
sulfates As these processes are concerned with the liver, it seems 
desirable to search further for pathologic processes m this oigan m 
these patients and to recall that the patient with cirrhosis and the one 
vith nephrosis both exhibited positive nitrogen and sulfur balances 
amounting to retention 

13 Johnson, T B , cited bj ICahn, M , and Goodndge F G Sulfur jMeta- 
bolism A RcMew of the Literature, Philadelphia Lea & Febiger, 1926, chap 35 
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As far as we can gather fiom these experiments, it seems fairly 
possible to conclude that theie are underlying metabolic disturbances 
affecting particularly the sulfur-iich moiety of the protein molecule in 
patients with nephrosis and that, as there are certain gross similarities 
between patients with cirihosis and those with nephrosis in regard to 
the nitrogen and sulfur balances, it is desirable to search further for 
disturbances of the hepatic function in nephrotic patients That the 
retention of nitrogen meiely compensates foi the depletion of serum 
protein is not tenable, as there is retention beyond the protein nitrogen 
lost without causing a change in the level of the serum^ piotem The 
thought that such letention went to replacing the tissue proteins that 
possibly had been called on in our patient with nephrosis is untenable, 
since there was no corresponding gam in weight The avidity with 
which such patients retain sulfur suggests that one may be dealing 
with a piimary derangement of the metabolism of the sulfur-rich moiety 
of the piotem molecule oi possibly with the intermediary sulfur metab- 
olism Theie is slight evidence that the kidney plays a role m the 
metabolism of cystine, and it may be that this mechanism is involved 
in Bright’s disease On the other hand, the patient with cirrhosis showed 
retention of sulfur and mtiogen m equal proportions, and it is there- 
fore reasonable to suppose that while part of the mechanism of the 
retention of sulfui and nitrogen in these two cases may be identical, 
there is some additional factoi involved in nephiosis 

In contrast to the letention of sulfur discussed m the preceding 
paragraph, how is one to explain the negative sulfur balance m the 
patient with glomerulonephritis^ If nephrosis always occurred as an 
incident m the course of glomerulonephritis, one might assume that the 
opposite reactions in the two conditions complement or follow each 
other While the effoit to retain sulfur appears to extend to the piotem 
of nephrotic patients, the converse cannot be definitely demonstrated of 
the protein in the patients with glomerulonephritis It seems to us that 
the two findings may be manifestations of entirely different mechanisms 
It IS impossible with the present evidence to explain the findings Their 
tabulation m summary will indicate possibly the future attack on this 
phase of Bright’s disease 

Since this is the final leport of this senes of expeiiments, it seems 
desirable to include in the summaiy all the lesults obtained We con- 
clude that the evidence of abnormal protein metabolism suggests that 
further study of this problem may ultimately yield fruitful practical 
data 

SUMMARY 

Patients with the nephrosis syndiome letain mtiogen and sulfur’- 
They remain m positive nitrogen and sulfur balance, but a larger pro- 
poition of sulfur than of nitrogen is retained 
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This positne balance is not due to the edema per se/^ to excess 
dietar} sulfui or to retention in the blood It extends to crystalline 
111 ea ® 

The neutial sulfin fi action of the uiine is increased in nephrosis 

Patients with gloinei ulonephritis aie in negative sulfur balance," 
but the nitiogen balance is even except for the nitrogen contained in 
the protein excieted 

The protein excreted in the urine duiing the nephrosis syndrome is 
low in sulfur and is not serum albumin 

A patient with ciiihosis of the hvei showed a positive sulfur and 
nitiogen balance but in equal propoitions 

CONCLUSION 

In the vaiious foims of Bright’s disease variations in the excretion 
of nitiogen and sulfur have been demonstrated which indicate that 
there aie changes in the protein metabolism affecting piobably the 
sulfui -rich moiety of the protein molecule Such changes may be a 
fundamental factoi in these conditions 

14 Grabfield, G P , Driscoll, M , and Gray, M G Nitrogen and Sulphur 
Metabolism in Bright’s Disease V Metabolic Study of a Patient with Edema 
of Unknown Origin, Arch Int Med 54 764 (Nov ) 1934 

15 Grabfield, G P , and Adams, L G Nitrogen and Sulphur Metabolism 
in Bright’s Disease VI Effect of Diets Low in Sulphur on the Excretion of 
Sulphur, Arch Int Med 55 360 (March) 1935 



ROENTGENOGRAPHIC STUDY OF ORTHOSTATIC 
ALBUMINURIA BY MEANS OF INJEC- 
TIONS OF DIODRAST 

DAVID A RYTAND, MD 

SAN TRANCISCO 

That the pathogenesis of oithostatic albuminuria is pooily undei- 
stood IS attested by lecent reviews ^ The name orthostatic albuminuria 
IS derived from a clinical symptom — the presence of an increased amount 
of protein m the urine while the subject is erect and its fall to a normal 
level (clinical absence) when he is supine The object of this paper is to 
indicate the importance of determining the anatomic basis for this 
symptom by means of roentgenogi ams made aftei the injection of 
diodrast The experience of my colleagues and myself m the first five 
cases in which this method was applied seems to indicate that orthostatic 
albuminuria arises from diverse anatomic anomalies and cannot be 
regarded as a distinct entity 

Two general theories may be considered seriousl), the circulatory 
and the mechanical theory The circulatoiy theoiy explains the 
anomaly on the following bases First (a) m orthostatic albuminuria 
the amount of protein excreted varies inversely with the pulse pressure, - 
(&) in animal experiments a decrease in the pulse pressure leads to a 
diminution of the renal secretion and (rarely) albuminuria “ and (c) in 
normal human subjects the erect postuie lesults in a diminution of the 
renal secretion Fuithermoie, (a) there are increases in the concen- 

Supported bj a grant from the Rockefeller Fluid Research Fund 

From the Department of Medicine, Stanford University School of Medicine 

1 (o) Medes, G, and Neemes, M Orthostatic Proteinuria, in Berglund, 

H , and Medes, G The Kidney in Health and Disease, Philadelphia, Lea & 

Febiger, 1935, p 462 (b) Fishberg, A M Hypertension and Nephritis, ed 2, 
Philadelphia, Lea & Febiger, 1931, p 257 (c) Volhard, F Die doppelseitigen 

haematogenen Nierenerkrankungen, in von Bergmann, E , and Staehelin, R 
Handbuch der inneren Medizin, Berlin, Julius Springer, 1931, vol 6, p 832 (d) 
Hartwich, A Die gutartigen Albuminurien, Ergebn d inn Med u Kinderh 
38 44, 1930 

2 Erlanger, J, and Hooker, D R An Experimental Study of Blood- 
Pressure and of Pulse Pressure in Man, Johns Hopkins Hosp Rep 12 145, 1904 

3 Gesell, R A On the Relation of Pulse Pressure to Renal Secretion, Am 
J Physiol 32 70 (May) 1913 

4 White, H L , Rosen, I T , Fischer, S S , and Wood, G H The 
Influence of Posture on Renal Activity, Am J Phjsiol 178 185 (Sept) 1926 
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tiation of protein in the blood (13 pei cent) and in the colloidal osmotic 
pi assure (23 pei cent) on standing,® (b) the glomerular filtration late 
varies niveisely with the colloidal osmotic pressure,® and (c) direct 
observation of glomerular urine of frogs has shown that albuminuria 
accompanies very slow rates of filtration" Objections to the circulatory 
theory are that not all subjects with oithostatic albuminuria have a low 
pulse pressure on standing eiect,® that patients with aoitic stenosis or a 
low pulse piessure from othei causes do not necessaiily exhibit 
albuminuria, that orthostatic albummuiia ordinarily appeals before the 
changes in the osmotic pressure occui and that vaiious investigators 
have found unilateral albuminuria (usually on the left) on uieteral 
catheteiization 

The mechanical theory explains oithostatic albummuiia (a) as 
related to venous compression b}^ loidosis of the lumbar portion of the 
spine ® (but lordosis may be present unassociated with orthostatic albu- 
minuria^®) or, moie definitely, (b) as due to compression of the left renal 
vein by the vertebral column and aorta, the superior mesenteric aitery 
or the angle formed by these two vessels 

Attractive as the unilateral (left) mechanical theoiy is on anatomic 
grounds, the direct evidence in its favor is far from convincing In 
SIX cases of orthostatic albuminuria Sonne passed ureteral catheters 
none of the patients showed albumin m the mine fiom the right side, 
one showed total anuria, three othei s showed anuria on the left alone and 
two showed albumin in the urine fiom the left kidney Haitwich^^ 
found bilateral albuminuria in two subjects and albuminuria on the left 

5 Youmans, J B , Wells, H S , Donley, D , Miller, D G , and Frank, H 
The Effect of Posture (Standing) on the Serum Protein Concentration and 
Colloidal Osmotic Pressure of Blood from the Foot in Relation to the Formation 
of Edema, J Clin Investigation 13 447 (May) 1934 

6 Ni, T , and Rehberg, P B On the Influence of Posture on Kidney 
Function, J Phjsiol 71 331 (March 23) 1931 

7 Wearn, J T , and Richards, A N Obseivations on the Composition of 
Glomerular Urine, ^\lth Particular Reference to the Problem of Reabsorption 
in the Renal Tubules, Am J Physiol 71 209 (Dec ) 1924 

8 Bass, M H, and Wessler, H A Stud}"^ of the Blood-Pressure in Chil- 
dren Showing Orthostatic Albuminuria, Arch Int Med 13 39 (Jan) 1914 

9 Jehle, L Die Albuminurie, Berlin, Julius Springer, 1914 

10 Lewison, M , Freilich, E B , and Ragins, O B Lordosis as a Cause of 
Postural Albuminuria, Arch Int Med 42 440 (Sept ) 1928 

11 Sonne, C Beitrag zur Aetiologie der lordotischen orthostatischen 
Albuminurie, Ztschr f khn Med 90 1, 1920 

12 Rieser, W , and Rieser, S L The Etiology of Orthostatic Albuminuria, 
JAMA 78 644 (March 4) 1922 

13 Kristenson, A Beitrag zur Kenntnis der Pathogenese der orthostatischen 
Albuminurie und der Varikozele, Upsala lakaref forh 31 641, 1926 
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in onty one Ehrmann studied a subject with edema of the left leg, 
on catheterization urine fiom the right kidney was albumin free, and 
theie was anuria on the left Russell^® saw two patients (neithei 
catheteiized) with edema of the left leg, he concluded from anatomic 
studies that the left kidney was congested, causing the albuminuiia 
Vorpahl had a patient with maiked scoliosis, lumbar com^exity on the 
left and albuminuria When the scoliosis was temporal ily coi rected, the 
albuminuiia ceased Ureteral catheteiization on two occasions yielded 
normal mine fiom the left and albuminous urine from the light Even 
more indiiectly, Rieser and Riesei weie able to dimmish oithostatic 
albuminuria in two visceioptotic women (one of whom had undeigone 
excision of the light kidney) by a suppoitive abdominal coiset and diew 
attention to the aorta-meseiitei ic arteiy “pincers 

Kiistenson,^® m an exhaustive study, noted a thrombotic piocess in 
the cephalad wall of the left lenal vein at the ciossing of the superioi 
mesenteric aitei}^ in 25 per cent of one hundred and twenty-one sub- 
jects at necropsy The piocess Avas evenly distiibuted among males and 
females and was not noted in subjects less than 8 years of age In 
five instances the left renal vein ran behind the aorta — the wall of one 
of these veins was the site^ of a similai but laiger thiombotic piocess 
where it lay under the aoita In addition to his neciopsy studies, 
Kristenson (consideiing the connection anatomicallj'’ between the left 
renal and the speimatic vein) examined eight hundied and thiity-six 
soldieis in the kneeling position (foiced lordosis) foi oithostatic 
albuminuria and varicocele on the left side 26 per cent had a potential 
varicocele on the left side, 22 pei cent had albuminuiia and 8 per cent 
had both Fiftj^ per cent of those with maiked varicocele had oithostatic 
albuminuiia 

METHODS 

Five young men exhibiting orthostatic albuminuria but otherwise not selected 
were studied in recumbent and erect postures roentgenographically after the injec- 
tion of diodrast Four of the subjects entered the hospital for the investigation, 
and the fifth one was studied as an outpatient 

The roentgenographic observations were carried out as follows After a 
night’s rest in bed each subject was taken to the roentgenologic department in a 
supine position, diodrast was injected and roentgenograms were taken without 
permitting a change in the subject’s position The subject then stood up and walked 
about After one and one-half hours diodrast was again injected while the 
subject was erect, and roentgenographic examinations were made In the first 
trial of one subject, L S, events were followed fluoroscopically in both posi- 

14 Ehrmann, R Orthostatische Albuminuric mit chronischem Oedem des 
linken Beines, Berl klin Wchnschr 48 496, 1911 

15 Russell, J W Two Cases of Unilateral Edema with Albuminuria, 
Lancet 2 925 (Oct 27) 1923 

16 Vorphal, K Ueber einseitige orthostatische Albuminuric, Berl klin 
Wchnschr 47 827, 1910 
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tions and confirmed b> four roentgenograms One week later he was studied in 
the erect position alone by means of ten roentgenograms taken within thirteen 
minutes after completion of the injection of diodrast The other four subjects 
\\ere studied on one occasion each, eight roentgenograms were taken in each 
position within from eight to twenty minutes after the injection of diodrast 
Since J C could not enter the hospital, roentgenograms were first made while 
he was in the erect posture After he had been lying down for two hours he 
was examined in the supine position 

RESULTS 

With L S supine under the fluoroscope, diodrast was seen to appear nine 
minutes after its injection, in good concentration, simultaneously on the two sides 
(confirmed by two roentgenograms) With the subject erect diodrast was first 
seen in the right kidney ten minutes after the second injection, but it w'as 

The Areas of the Shadows of ihe Kidneys of Five Subjects with Oi thostatic 

Albummitt ta'^ 



Recumbent 

Erect 

Change on 


Position 

Position 

Standing 

L S 

Eight 

53 

53 

± 0 

Lett 

51 

62 

+11 

K B 

Right 

53 5 ± 1 2 

50 ±09 

— 35±1 5 

Lett 

61 5d:06 

* 67 8±11 

+63±12 

0 B 

Eight 

101 4 n: 0 8 

96 ±0 9 

— 5 4 ± 1 2 

Lett 

35 ±11 

30 5 ^ 0 5 

— 45±12 

J P 

Right 

59 ±0 6 

S5 0 5 

+26 ±0 8 

Lett 

SO ±10 

85 -f- 0 S 

+5 ±13 

J Of 

Right 

63 *+; 0 8 

74 ±0 5 

+9 ±0 9 

Left 

<4 ±06 

70 ±0 4 

—4 ±0 7 


* Tlie areas are given m square centimeters, with probable errors 

t This subject was ambul^tor^ The studies uith the subject erect were made first and 
then those with the subject recumbent 

not seen for twenty minutes on the left Roentgenograms at that time showed 
good concentration on the right and a very small amount of the contrast medium 
on the left The subject then reclined and diodrast reappeared on the left (seen 
under the fluoroscope) in twm minutes In the second trial on L S made one 
week later, in the erect position only, diodrast was seen in the first roentgenogram 
(one minute after injection) in the right kidney only It was not seen until a 
sixth roentgenogram (six minutes later) on the left, in succeeding roentgeno- 
grams it was seen in small amounts on the left side, but there was never as much 
as on the right The right kidnev wras seen to contain a constant amount of well 
concentrated diodrast throughout the ten roentgenograms, outlining the pelvis and 
most of the calices On the left onlv a few^ spots of diodrast were ever seen 

With K B supine, diodrast appeared faintly in one minute but in good con- 
centration three minutes after the injection, the same on the two sides, outlining 
a normal pelvis and cahees With the subject erect, diodrast appeared on both 
sides within two minutes after injection, but while it quickly reached a heavy 
concentration on the right (though not as concentrated as when the subject w’as 
supine), it was never well seen on the left 
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O B was found to have a very small left kidney and a large right one 
Diodrast appeared bilaterally in three minutes when he was supine and in seven 
minutes when he was erect The concentration was about equal bilaterally and 
was not appreciably affected by the changes in posture 

J P was found to have reduplication of the ureter and renal pelvis on the 
left and a very mobile right kidne}^ When he was supine, diodrast appeared 
on both sides in two minutes , when he was erect, in ten minutes The concen- 
tration was about equal bilaterally but was more dense with the subject supine 
(although two roentgenograms taken m the latter position failed to show the 
upper part of the pelvis on the left side) 

As J C was unable to enter the hospital, the first set of roentgenograms was 
made while he stood and the second set after he had been supine for two hours 
Diodrast appeared promptly on each side regardless of the subject’s posture. 



Fig 1 — ^Roentgenogram of L S in the erect position In figures 1 to 5 the 
patient’s left side is to the observer’s right 

likewise, posture did not materially affect the final concentration, which was 
always good While the subject was standing, the upper outer pole of the left 
kidney appeared to be somewhat flattened, no other abnormalities were observed 
Assumption of an upright posture was associated with the following descents 
in the position of the renal shadow L S — right 1 cm and left 1 cm , K B — 
right 0 and left 2 cm , 0 B — right 1 cm and left 1 5 cm , J P — right 5 5 cm 
and left 1 cm , J C — right 0 and left 1 5 cm 

The shadows of the kidneys were outlined on suitably clear roentgenograms, 
and their areas were measured with a plammeter In L S the outlines were 
measurable m only one pair of roentgenograms, but in the other subjects the out- 
lines were distinct in most of the sixteen roentgenograms 

The accompanying table presents the results of the measurements, while 
figures 1 to 5 show the appearance of the roentgenograms 
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The measurements of the aieas showed statistically significant 
changes with changes m posture m every subject There are two possible 
interpretations of the changes , (a) they were due to rotation of the 
renal axis with lespect to the x-iay beam, or (&) they may have had 



Fig 3 —Roentgenograms of O B in the supine (A) and the erect (B) position 

physiologic significance, i e, a decreased area when the subject stood 
may have been the result of a low pulse pressure, while an increased 
area may have been brought about by venous stasis m spite of the 
lower pel fusion pressure 
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In an effort to interpret the changes in area correctly, further studies at other 
times were made of J P and J C A single roentgenogram of J P standing 
gave an area of 90 sq cm for each kidney He was then placed in the supine 
position, and another roentgenogram was made within thirty seconds The area 



Fig 4 —Roentgenograms of J P m the supine (A) and the erect (B) position 

of the right kidney was then 59 sq cm and that of the left 88 In the case of 
J P , therefore, rotation of the renal axis was sufficient to explain the changes 
obser\ed in the area of the shadow of the right kidney, while changes on the 
left side maj hai e had ph} siologic significance For J C roentgenograms were 
taken three and fiie minutes after he reclined, following a series of six roent- 
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genograms taken while he was in the erect position The area of the left kidney 
failed to change appreciably, the mean area of the right kidney in the six films 
taken while the subject was erect was 74 dr 0 5 sq cm , after the subject had been 
supine for three minutes the area was 73 sq cm , and after five minutes it was 



Fig 5 — Roentgenograms of J C m the supine (A) and the erect (B) position 

68 sq cm Conversely, roentgenograms were taken three and five minutes after 
he had stood up, following the taking of a series of six roentgenograms while he 
was in the supine position Again the shadow of the left kidney did not change, 
the mean area of the shadows of the right kidney in six roentgenograms taken 
with the subject supine was 65±08 sq cm , after the subject had been erect 
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for three minutes it was 66 sq cm , and after five minutes it was 68 sq cm 
These results suggest, but do not prove, that in J C at least the increase in 
the area of the shadow of the right kidney when he stood was due to actual 
engorgement of the kidney because of A'enous stasis and was not due to rotation 
of the axis 

COMMENT 

As fai as is known, diodiast has not been used pieviously in the 
roentgen ographic study of orthostatic albuminuiia, even though it has 
been used as a test of function (see also the lefeiences cited by 
Landis and his colleagues and its clearance has been studied^® The 
only use of roentgenogiams in this connection seems to ha^e been that 
depicted by Young and Waters,-® inteipieted as showing tiansitory 
albuminuria as the result of the ciossing of abeirant blood vessels over 
the ureter 

The results obtained with diodiast may be conveniently grouped into 
three categories First, in two subjects (L S and KB) the left 
kidney excreted diodrast veiy poorly, and its shadow became largei with 
the subject erect Secondly, m two other subjects (O B and J P ) 
there were gross anatomic anomalies of the kidneys, but postuie did 
not affect the excretion of diodrast unilaterally to any degree Finally, 
no significant abnormalities were disclosed by diodrast m J C 

An interpretation of the changes in the area of the renal shadows is 
difficult By a special technic we were able to show that the laige varia- 
tion m the light kidney of J P was due to lotation, the results in the 
case of J C suggested that the changes were i elated to congestion and 
not to lotation Unfortunately, this technic was not in use while L S 
and K B were being studied , it would be excellent additional evidence 
m favor of the mechanical theory if it could be shown that such inci eases 
in the area of the left kidney as they exhibited were not caused by rota- 
tion of the renal axis 

To summarize, four of five subjects showed definite abnormalities on 
roentgenographic examination, two showing totally unexpected gross 
renal defects, presumably congenital in origin The unilateial (left) 

17 Braasch, W F , and Emmett, J L Excretory Urographv as a Test of 
Renal Function, J Urol 35 630 (June) 1936 

18 Landis, E M , Elsora, K A , Bott, P A , and Shiels, E H Simul- 
taneous Plasma Clearances of Creatinine and Certain Organic Compounds of 
Iodine in Relation to Human Kidney Function, J Clin Investigation 15 397 (July) 
1936 

19 Elsom, K A , Bott, P A , and Shiels, E H On the Excretion of 
Skiodan, Diodrast and Hippuran by the Dog, Am J Physiol 115 548 (May) 
1936 Landis, Elsom, Bott and Shiels 

20 Young, H H , and Waters, C A Urological Roentgenology, New York, 
Paul B Hoeber, Inc , 1928, p 132, figs 129-130 
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abnoimalities m the other two subjects fit in well with the mechanical 
theory of stasis of the left renal vein, presumably due to compression of 
the vein between the superioi mesenteric artery and the aoita 

It was not possible to catheteiize the subjects In the absence of such 
direct evidence, one might conclude that the proteinuiia was on the left 
only in L S and K B , speculation regarding the othei subjects is 
fiuitless in the face of the hypoplastic left and hypertrophied right 
kidney of O B , the leduphcated left uretei and pelvis and the mobile 
light kidney of J P and the absence of definite findings in J C 

SUMMARY AND CONCLUSIONS 

Five unselected subjects with orthostatic albuminuiia weie studied 
loentgenogiaphically aftei the injection of diodrast 

In two subjects when they weie in the supine position diodiast 
appeared normally in both kidne3^s , when they were erect it appeared m 
low concentiation m the left kidney, which became largei In three 
other subjects postuie did not significantly alter the excietion of 
diodiast unilateially One of these subjects had a veiy small left kidney 
and a large right one, and a second had a leduplicated left ureter and 
renal pelvis and a mobile right kidney No abnormalities were found 
in the third subject 

Much helpful advice and cooperation were received from the members of the 
roentgenologic department, especially from Dr Edward Leef 



THE RENAL LESION IN ORTHOSTATIC 
ALBUMINURIA 

DAVID A RYTAND, MD 

SAN FRANCISCO 

The results repoited in a foregoing paper ^ show that because of 
the diversity of anatomic renal defects orthostatic albuminuria cannot 
be regarded as a distinct disease entity Even the purely clinical defi- 
nition of orthostatic albuminuria shows a lack of precision It is incor- 
rect to state that orthostatic albuminuria is a condition characterized 
by the presence of albumin in the urine while the subject is erect and by 
the absence of albumin in the urine while he is supine, because albumin 
(protein) is always piesent under all conditions What is leally meant 
IS that moie albumin is present under certain circumstances than under 
others Since this is the case, quantitative methods are essential 

The same five subjects with orthostatic albuminuria who were studied 
roentgenographically after the injection of diodrast, reported on in the 
foregoing paper,’- were further investigated by means of the Addis urea 
latio, the Rehberg (creatinine) glomerular filtration late and the Addis 
count of the urinaiy sediment 

It has been stated that tests of the renal function show no impair- 
ment in cases of true orthostatic albuminuria, but these tests are usually 
for the concentration of urea in the blood or the excretion of phenol- 
sulfonphthalein, either of which may fail to show ei^en a gross (50 per 
cent) reduction of function - 

Medes and Neemes ® have determined the rate of glomerulai filtra- 
tion b)’- the creatinine method for normal subjects and for those with 
orthostatic albuminuria Their results showed 171 ± 4 cc , 158 ± 5 cc 
and 155 ±: 7 cc per minute foi normal subjects, subjects with mild and 
subjects with seveie “lordotic proteinuria,” respectively, duiing thirty 
minutes of recumbency The rates were 167 ±5 cc , 153 ± 7 cc and 
102 d- 9 cc , respectively, for subjects in the lordotic position during 

Supported by a grant from the Rockefeller Fluid Research Fund 

From the Department of Medicine, Stanford University Medical School 

1 Rytand, D A Roentgenographic Study of Orthostatic Albuminur’a bv 
Means of Injections of Diodrast, Arch Int Med, this issue, p 837 

2 MacKay, E M , and Rytand, D A Significance of Phenolsulphon- 

phthalem Test of Renal Function, Arch Int Med 60 131 (Jan ) 1935 

3 Medes, G, and Neemes, kl Orthostatic Proteinuria, in Berglund, H, and 
Medes, G The Kidnev m Health and Disease, Philadelphia, Lea S. Febigcr, 
1935, p 462 
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twenty minutes of standing That is, the late of glomerulai filtiation 
fell only in those with the more seveie orthostatic renal lesions It is 
unfoitunate that the experimental peiiods were not longer While White 
and his associates found that renal secretion was diminished in normal 
subjects in the eiect position, Van Slyke and his associates® found no 
change in the urea cleaiance The lattei observers, howevei, found that 
in three of twelve nephritic patients with less than 50 per cent of normal 
clearance, standing (walking) further reduced the standard clearance to 
from 44 to 67 pei cent of its value when the patient was at lest in bed 

METHODS 

For the same subjects with orthostatic albuminuria for iihom diodrast studies 
were made and within one or two days of the time of those studies, the Addis urea 
ratio 6 and the Rehberg creatinine clearance were determined simultaneously 
over four consecutive hours The subjects were recumbent for twelve hours prior 
to and during the first two hours and standing during the second two hours They 
were fasting except for 20 Gm of urea and 5 Gm of creatinine three hours and 
one and one-half hours, respectively, before the collection of urine was started 
Brisk diuresis was obtained by giving a large amount of water One subject, 
J C , being ambulatory, was erect during the first two hours and supine the 
succeeding two hours 

Repeated Addis counts 8 of the urinary sediment were made on specimens for 
from one to eight hours obtained from each of the subjects (fifty-six m five days) 
for L S , sixteen in four days for K B , twelve in four days for 0 B , twelve 
m five days for J P and eight in four days for J C ) Conditions were arranged 
so that separate specimens were obtained with the subject standing quietly, at 
ordinarj’- activity, exercising violently (three subjects only) or at rest in bed 

RESULrs 

Function Tests — Table 1 shows that the results of the function tests 
paralleled closely those obtained loentgenogiaphically aftei the injection 
of diodiast In L S and K B (m whom it was noted that while they 
stood diodrast was excieted poorly by the left kidney, which became 

4 White, H L , Rosen, I T , Fischer, S S , and Wood, G H The Influ- 
ence of Posture on Renal Activity, Am J Physiol 178 185 (Sept ) 1926 

5 Van Slyke, D D , Alving, A , and Rose, W C Studies of Urea Excre- 
tion VII The Effects of Posture and Exercise on Urea Excretion, J Chn 
Investigation 11 1053 (Sept) 1932 

6 Addis, T , and Watanabe, C K A Method for the Measurement of the 
Urea-Excreting Function of the Kidney, J Biol Chem 28 251 (Dec ) 1916 

7 Rehberg, P B Studies on Kidney Function I The Rate of Filtration 
and Reabsorption in the Human Kidney, Biochem J 20 447 (April 26) 1926, 
II The Excretion of Urea and Chlorine Analyzed According to a Modified Filtra- 
tion-Reabsorption Theory, ibid 20 461, 1926 

8 Addis, T A Clinical Classification of Bright’s Disease, TAMA 85 
163 (July 18) 1925 
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larger) the renal function during the second hour of standing quietly 
was onl} one-half as great as the mean function while the subject was 
supine On the other hand, in O B and J P (who had gross anatomic 
anomalies but who showed no postural change in the excretion of dio- 
drast) posture did not affect the renal function Finally, in J C (m 
whom there were no definite findings roentgenographically) the renal 
function while he was m the erect position was 81 per cent of that while 
he was supine 

The rates of pioteinuria weie determined during the clearance 
studies In O B and J P the rates were too low to be measured 
L S excreted protein at the rate of 6 mg per hour while supine and 

Taelf 1 — Addis Uiea Ratio and Glouictulai Filtration Rate (Ci eatimne) tn Five 

Subjects zvith 0) thostaiic Albuminvi la m Recumbent and Ei ect Positions 
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50 
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76 
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88 
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bent 2 

03 

107 
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112 

78 

169 

122 

326 

91 

205 

Mean 

01 

104 

103 

125 

77 

159 

122 

290 

90 

207 

Erect 3 

00 

78 

70 

114 

S3 

149 

141 

344 

81 

187 

4 

38 

50 

42 

54 

85 

120 

109 

279 

70 

176 

East hour erect 
m percentage of 
^ Blue when re 
cumbent 

02 

54 

41 

43 

110 

75 

89 

96 

78 

85 


y y V "y ' V" 

JICDD, percentage oS 42 92 92 81 


* The subject Mas ambulators The studies uith the subject erect were made before those 
nhen he was recumbent 

t Omitted in the calculations because of a lag m reaching the peak of urea e\cretmg 
cfflcieney 

269 mg while erect, K B excreted 4 mg per hour while supine and 
58 mg while erect, and J C excreted 140 mg per hour while supine 
and 225 mg while erect 

Renal Lesions — In the two instances in which necropsy reports were 
obtained for patients with undoubted orthostatic albuminuria who died 
as a result of some other disorder,” no significant renal lesions were 
discovered Little has been wiitten about the urinary sediment, other 
than that oxalate crystals, a few red blood cells and “hyaline and even 
granular casts in small numbers” may be found As a result, one is 

9 Heubner, O Die chronischen Albuminunen im Kmdesalter, Ergebn d 
inn Med u Kmderh 2 567, 1908 Holst, P F Orthostatic Albuminuria and 
Its Relation to Nephritis, Norsk mag f liegevidensk 13 1377, 1915 abstr, 
J A M A 65 2206 (Dec 18) 1915 

10 Fishberg, A M Hypertension and Nephritis, ed 2, Philadelphia, Lea & 
Febiger, 1931, p 257 
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prone to think of orthostatic alhmninui lu rather than of an orthostatic 
renal lesion 

Table 2 gives the minimum and maximum intensities of the renal 
lesions as determined by the Addis sediment count with the subject 
m bed and standing quietly, lespectively The usual findings with the 
subject elect approached the maximum given in the table 

Data were obtained for three subjects during violent exercise 
(running) L S excreted only 19 mg of protein, 21,400 casts, 8,700 
led blood cells and 351,000 epithelial cells per hour J P excreted 
only 166 mg of protein, 29,200 red blood cells and 292,000 epithelial 
cells but as many as 175,000 casts per hour J C excreted only 155 mg 
of protein and 38,000 led blood cells but as many as 171,000 casts and 
152,000 epithelial cells per hour In brief, the intensities of the renal 
lesions were less during violent exeicise than when the subject stood 
quietly (compare with table 2) 


Table 2 — Rates oj Exaction of Piotem and Foiined Elements m Ewe Subjects 

with Orthostatic Albumtnnna* 


Bates of Excre 

tionperHourf L S KB 

Protein, mg 4 2 

C90 132 

Casts 0 0 

90,400 46,600 

90% granular 100% granular 
10% hyaline 

Red blood cells 0 0 

292,000 18,700 

White and epithe 15,000 21,500 

ilal cellsl 6,250,000 933,000 


0 B 

J P 

J 0 

5 

3 

12 

69 

263 

406 

0 

0 

0 

9,200 

10,700 

16,700 

100% granular 

80% granular 
20% hyaline 

100% granular 

0 

0 

4,400 

9,200 

41,700 

61,200 

45,000 

11,700 

26,200 

83,400 

583,000 

92,000 


* The upper rows of figures give the minimal findings with the subject in bed The lower 
rows of figures give the composite maximal findings with the subjects up and about 

t The upper limits of normai are approximately 8 mg of protein, 400 easts, 80,000 red 
blood cells and 80,000 white and epitheiial cells per hour 
4 Almost ail a ere renal tubular epithelial cells 

Congo red was injected intravenously into L S at a time when 
the urine contained 532 mg of protein per hour, it definitely colored the 
urine pink and under the microscope could be seen staining the casts 
Hartwich previously leported a similar finding 

Such data for the sediment as are given m table 2 (including the 
healing of the process under favorable conditions) and the escape of 
Congo red are similar to those encountered in cases of any degenerative 
renal lesion, the outstanding feature here being the extreme rapidity of 
the degeneration and regeneration Observations on L S indicated that 
urinary evidences of renal degeneration (protein, casts and tubular 
epithelial cells) were much less pronounced about one hour after the 
supine position had been assumed The onset of the degeneration usually 

11 Hartwich, A Die gutartigen Albuminunen, Ergebn d inn Med u 
Kinderh 38 44, 1930 
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began within one hour after the subject stood upright but sometimes 
did not appear until the second hour It is geneially accepted also that 
renal degeneration may go on to a diminution of function, as had 
appaiently occurred m L S The speed of regeneiation is such that at 
necropsy performed on a subject wuth oithostatic albuminuria who had 



Frequency distribution of the casts according to width in three subjects with 
orthostatic albuminuria 

been ill in bed for some time befoie death one might well expect to 
observe no abnormality on histologic examination of the kidneys 

The "Width of the casts in the sediment was measured for L S , 
J P and J C, for tvhom both roentgenogiaphic and clearance studies 
suggested difterent pathogenic mechanisms of the renal lesions Figure 1 
piesents the frequency distributions of the casts by wudth 
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In unne collected while the subject was standing quietly, the mean 
width (on samples of from 100 to 250 casts) was 30 6 micions for 
L S , 31 1 microns for J P and 26 9 micions for J C In urine 
obtained shortly after violent exercise the mean width of the casts was 
only 22 8 micions foi L S , 21 2 microns for J P , and 14 1 microns 
foi J C For L S J reclining at an angle of 67 degrees to the hori- 
zontal for seveial hours, the mean width of the casts was 16 6 microns 
The width of the casts excreted with the subject standing quietly 
approached that of the broad casts seen in cases of renal failure,^" 
while the width of those excreted during exeicise or while the subject 
was lying at an angle of 67 degiees was similar to that of casts from 
subjects in the eaily stage of glomerulonephritis Dilation of the renal 
tubules by diuresis cannot explain the obseived variations in width, for 
in general the broader casts were accompanied with oliguria Addis and 
Oliver have shown that a slow rate of tubulai flow is one of the 
conditions favoiing the formation of broad casts 

When the subject was standing, not only were the casts remaikably 
broad, but almost all were coarsely granulai and fragile, during exer- 
cise or when the subject was lying at an angle of 67 degrees they were 
narrow and for the most part hyaline, with embedded droplets of fat 
or granules Waxy and cellular casts weie rarely seen These variations 
suggest that the pathogenic mechanism may be different under the afore- 
mentioned conditions Broad granular casts in the urine of a patient 
not in uremia should suggest the diagnosis of an orthostatic renal lesion 

comment 

Such inadequate tests of renal function as the concentration of uiea 
in the blood and the excretion of phenolsulfonphthalein ^ are of no 
value in the study of oithostatic albummuiia All of our subjects had 
a normal urea content of the blood , and L S , with a creatinine clear- 
ance near the lower limit of normal and an Addis urea latio only from 
59 to 63 per cent of normal (61 per cent on another occasion) while 
recumbent, showed a perfectly normal identical excietion of phenol- 
sulfonphthalein by the fi actional method in both the supine and the 
erect position 

The orthostatic albuminuria in L S was unusually severe, in the 
absence of other findings, there is no leason for failing to conclude that 

12 Addis, T Renal Failure Casts, J A M A 84 1013 (April 4) 1925 

^3 Barnett, G D , and Barnett, C W Unpublished observations 

14 Addis, T, and Oliver, J The Renal Lesion in Bright’s Disease, New 
York, Paul B Hoeber, Inc , 1931, p 140 

15 Chapman, E M, and Halsted, J A The Fractional Phenolsulphon- 
ph+balein Test in Bright’s Disease, Am J M Sc 186 223 (July) 1933 
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the diminution of the renal function was due to the orthostatic renal 
lesion On the other hand, the reduction m function is not sufficient to 
place the diagnosis in doubt without other evidence, the final criterion 
IS the complete quantitative normality of the urinary sediment while the 
subject is recumbent Similarly, O B , with a hypoplastic left kidney, 
showed an Addis urea ratio that was only 77 per cent of normal 
Conversely, J P showed large renal shadows roentgenologically, high 
rates of glomerular filtration and an Addis urea ratio 122 per cent of 
normal 

The reduction of the Addis uiea ratio and the glomerular filtration 
rate for L S and K B when they stood was in accord with the excre- 
tion of diodrast, while neither the function test nor the diodrast test 
showed any significant changes in O B and J P when they stood 
The relatively small reduction of function m J C was not correlated 
with significant changes in the excretion of diodiast It should be noted 
that neither O B noi J P showed any measurable proteinuria during 
the part of the function test when they were erect 

The pulse piessuie of our subjects varied from 10 to 27 mm of 
mercury when they weie in the eiect position, but there was no corre- 
lation between the diminution of the pulse pressure and the intensity 
of the orthostatic renal lesion Without the use of diodrast, all of our 
subjects would have shown evidence compatible with the circulatory 
hypothesis While a low pulse pressure and hemoconcentration niav, 
theoretically at least, play an incidental role m the pathogenesis of ortho- 
static albuminuria, the demonstration by means of diodrast of unilateral 
changes following a change in postuie m two cases and of gross renal 
anomalies m two otheis affords strong confirmatory evidence for the 
mechanical theory 

The finding of a i educed function by adequate tests and the asso- 
ciation with unexpected gross renal anatomic anomalies again bring up 
the question of the prognosis in cases of orthostatic albuminuria The 
prognosis is obviously altered by the nature of the anomalies (such as 
a predisposition to hydronephrosis or infection) and cannot be as opti- 
mistic m all cases as current opinion would have it Because of the 
variable conditions found in such a high incidence of our unselected 
subjects, the piognosis should be based on a roentgenograplnc study by 
means of diodrast and rigid tests of the lenal function in each case 

These findings furthei suggest that true orthostatic albuminuria 
should not be classed with “benign*' albuminuria which is said to dis- 
appear as the subject glows oldei 

CASE REPORTS 

Leslie S , aged 15, had never had hematuria, albuminuria, edema, scarlet fever 
or severe tonsillitis Headaches for eighteen months and an attack of syncone 
caused him to go to a physician one month before the present study was made 



RYTAND—ORTHOSIATIC ALBUMINURIA 


855 


Albuminuria was found in an afternoon specimen, and a diet was prescribed He 
appeared to be perfect!}' healthy (172 cm tall, weighing 58 1 Kg ) The pulse rate 
was 60, and the blood pressure was 100 systolic and 70 diastolic The fundi and 
heart were normal, the radial pulse was soft, the kidneys were not palpable and 
no edema or varicocele was noted The back showed slight lumbar scoliosis, with 
convexity to the left, but no abnormal lordosis The blood count, stools, basal 
metabolic rate and sedimentation rate were normal The Wassermann reaction 
was negative Eighty per cent of the injected Congo red remained in the serum 
after one hour The concentration of the plasma protein was 6 3 per cent , the 
cholesterol content, 161 mg i>er hundred cubic centimeters, and the urea content (six 
hours after the administration of 20 Gm of urea), 45 mg per hundred cubic 
centimeters 

Kenneth B , aged 19, gave no history of significance Albuminuria was dis- 
covered during a routine examination at school two years prior to the present 
study, and it diminished or disappeared during rest in bed The patient was asked 
to enter the hospital for study, as a diagnosis of orthostatic albuminuria had 
been made nine months previously He appeared to be well (170 cm tall, weighing 
58 Kg) The pulse rate was 70, and the blood pressure was 115 systolic and 85 

diastolic The fundi and the heart were normal, the radial pulse was soft, the 

kidneys were not palpable and no edema or varicocele was noted Lumbar lordosis 
was marked but not pathologic The blood count and stools were normal The 
concentration of urea was 27 mg per hundred cubic centimeters of blood The 
Wassermann reaction was negative 

Odell B , aged 34, gave no past history of significance, except that the results 
of a urinalysis were normal four years previously and an ache in the lower part 
of the back was made worse by an injury nine years before Albuminuria was 
discovered in the course of a routine examination six weeks before the present 
study was made The subject appeared to be well (173 cm tall, weighing 

74 3 Kg ) The pulse rate was 76, and the blood pressure was 125 systolic and 80 

diastolic The fundi and heart were normal, the radial pulse was soft, the right 
kidney was barely palpable and no edema or varicocele was noted The lumbar 
portion of the spine lacked normal lordosis The Wassermann reaction was 
negative The concentration of urea was 28 8 mg per hundred cubic centimeters 
of blood 

John P , aged 18, gave no past history of significance, except for the normal 
results of urinalysis four years before the present study was made Albuminuria 
was discovered during a routine examination two years before his admission to 
the hospital It decreased during rest in bed but increased when normal activity 
we resumed Rest in bed was again prescribed and resulted in a diminution of 
the proteinuria The subject appeared to be well (183 cm tall. Weighing 74 Kg ) 
The pulse rate was 75 and the blood pressure 130 systolic and 75 diastolic The 
fundi and heart were normal, the radial pulse was soft, the kidneys were not 
palpable even when the patient was erect and no edema or varicocele was noted 
No exaggeration of lumbar lordosis was present The concentration of urea was 
36 1 mg per hundred cubic centimeters of blood 

John C, aged 20, gave no significant past history Albuminuria was dis- 
covered one month before his entry, following a febrile illness due to involvement 
of the respiratory tract A special diet and restriction of activity were prescribed 
He appeared to be well (175 cm tall, weighing 61 8 Kg ) The pulse rate was 
88, and the blood pressure was 150 systolic and 80 diastolic The fundi and heart 
were normal, the radial pulse was soft, the kidneys were not palpable and no 
edema or varicocele was noted There was no exaggeration of lumbar lordosis 
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but there was slight scoliosis to the left The basal metabolic rate was noimal, 
and the concentration of urea was 25 3 mg per hundred cubic centimeters of blood 

su:mmary and conclusions 

The same five subjects with orthostatic albuminuria who had been 
studied roentgenogi aphically after the injection of diodrast were studied 
with regard to the Addis uiea ratio, the Rehbeig glomerular filtration 
rate and the Addis count of the urinary sediment 

In the two subjects in whom unilateral changes related to posture 
were revealed roentgenographically, the Addis urea ratio and the glo- 
merular filtration rate fell in the second hour with the subject eiect to 
approximately one-half the original level with the subject recumbent 
In one of these subjects, who had unusually seveie albuminuria, the 
results of the function test were diminished even when he was supine 
In the two subjects with gross anomalies, postuie did not affect the 
renal function In the fifth case there was a 20 per cent fall in the renal 
function when the subject stood 

In these cases, m addition to proteinuria, standing erect results in 
the appeal ance of laige numbers of renal epithelial cells and broad 
gianulai and hyaline casts in the urinar}^ sediment, a small increase in 
the led blood cell count occurs inconstantly and Congo red escapes into 
the urine In biief, there is a transitory renal degenerative lesion 



ABSORPTION OF FAT FROM THE ILEUM 
IN HUMAN BEINGS 
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NEW YORIC 

There have been a large number of repoits on the absoiption of fat 
f 10111 an isolated intestinal loop in aiiiiiials, but apparently there is no 
lecord of similar observations for human beings Recently, an oppor- 
tunity to make such studies was presented by a patient who had acci- 
dentally acquired a tempoiary Tliir)'’ fistula of the middle poition of the 
ileum during treatment for strangulated femoral hernia 

REPORT OF A CASE 

Histo)y — A man aged 50 was admitted to the hospital with a strangulated 
femoral hernia on the left side At operation, owing to the patient’s poor condition 
and to the fact that the strangulated loop of bowel was gangrenous, resection was 
not earned out, Vorlagei ting being performed instead A tube was inserted into 
the proximal loop, and a fistula was allowed to form After four weeks reoperation 
was performed Through an abdominal incision both the proximal and the aistal 
loop involving the fistula were divided, and the ends were closed A side to side 
anastomosis was then made to restore the continuity of the intestine (fig 1) At 
this point the patient’s condition became very poor , so the two limbs of the resected 
loop were left intact, to be removed later The result was that an afferent and an 
efferent loop, each about 8 inches (20 cm ) long and opening just below the left 
inguinal ligament, were left intact, together with the blood and lymph supply 

Expettmenfal Piocedwe — Observations were subsequently carried out to deter- 
mine the rate of absorption of fats from the ileum, both in the absence and in the 
presence of various pure bile acids 

Oleic acid and olive oil were injected into the efferent loop, and the amount of 
resorption was estimated for various periods In some of the observations pure 
bile acids also were added In order to produce an efficient closure of the mteb- 
tinal loop, a special apparatus was constructed (fig 2) About 6 inches (15 cm ) 
of a number 12 catheter was passed through a flat rubber pad, 2 by 2 inches 
(5 by 5 cm ) square One inch (2 5 cm ) below the rubber pad, a balloon of con- 
dom rubber was constructed to encircle the catheter A piece of fine catheter 
(number 24) was attached to the balloon for purposes of inflating it This also 
passed through the rubber pad To dose off the intestinal loop, the catheter was 
inserted up to the rubber pad The balloon was then inflated, and its distention 
tended to push it farther into the loop The result was that the rubber pad was 

Ralph Colp Fellow in Physiology 

From the Surgical Service of Dr Ralph Colp and the Division of Laborator'es 
of the Mount Sinai Hospital 
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forced firmly against the opening, which was constricted, owing to its passage 
underneath the inguinal ligament The efferent loop was used, since the direction 
of the peristaltic action tended to keep the tube m place 

Observations were always carried out in the same manner and at the same 
time of day The material was injected at 10 30 a m and removed either at 
1 30 p m or at 4 30 p m As a result, only a limited number of observations 
couV be carried out before the patient underwent the final stage of the operation 
— the removal of the isolated intestinal loop At operation and on histologic 
section the bowel was observed to be normal, being neither distended nor inflamed 
Two hundred and fifty milligrams of gelatin was dissolved in 10 cc of water 
To this was added 1 or 3 Gm of oleic acid or olive oil, and the emulsion was 
made up to 20 cc To make up a solution containing bile acids, various amounts 
of pure cholic or deoxycholic acid were dissolved in 5 cc of water, an equivalent 
amount of normal sodium hydroxide being used This solution was then mixed 



Fig 1 — Diagram illustrating how two isolated loops of ileum were present 
after the second operation on the patient The efferent loop was used for experi- 
mental purposes 


wntt" the gelatin solution, the fat was added and the emulsion was made up to 
20 cc This material was then injected into the isolated loop and the tube clamped 
At the end of three or six hours the contents of the loop were aspirated with a 
sj ringe, and the volume of fluid withdrawm was measured In order to obtain 
any material adherent to the mucosa, the loop was washed with 20 cc of saline 
solution The fat content of the saline washings was added to the total fat content 
The total lipid content w'as estimated in each instance Either a measured part 
or the total amount of the recovered fluid was precipitated with 100 cc of Bloor’s 
alcohol-ether mixture, and the filtrate was dried to constant weight on the steam 
bath 

Secretion of Intestinal Loop A catheter was placed m the efferent 
loop, and the intestinal secretion was allowed to dram for three hours Ten 
cubic centimeters of milky white fluid was obtained On analysis this was found 
to contain 94 mg of lipid (9 4 mg per cubic centimeter) 
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Intestinal Secretion Under Experimental Conditions The tube previously 
described (fig 2) was introduced into the efferent intestinal loop, and the balloon 
was blown up, thereby sealing the opening Twenty cubic centimeters of saline 
solution containing 250 mg of gelatin in solution was injected, and the tube was 
closed At the end of six hours the contents of the loop were aspirated, and the 
loop was washed with 20 cc of water Two experiments were carried out In 
the first test 20 cc of fluid containing 405 mg of lipid was recovered, and in the 
second 22 cc containing 462 mg was obtained In each case the fat content of the 
washings was included in the total fat content At the end of six hours the intes- 
tinal fluid contained 21 and 20 mg , respectively, of lipid per cubic centimeter 
(experiments 2a and 2b) 

Immediate Recovery of Fat Injected into the Intestinal Loop After the loop 
had been carefully washed out with saline solution, four experiments were carried 
out Twenty cubic centimeters of solution containing 250 mg of gelatin and 3 Gm 



Fig 2 — Diagram of the apparatus used for injecting fluid into the isolated intes- 
•tinal loop Note that the balloon on being inflated tends to pull away from the 
surface, since the fistulous opening is very narrow As a result, the flat rubber 
pad If pressed firmly against the opening 


of either olive oil or oleic acid m the form of an emulsion was injected into the 
loop and then immediately withdrawn In each case the loop was washed out with 
20 cc of saline solution The fat content of the washings was added to that of the 
main volume of the fluid withdrawn As can be seen in the accompanying table 
(experiments 3a, 3b, 3c and 3d), injected material was recovered practically 
quantitatively (95 7 to 104 per cent) 

Recovery of Fat After Three or Six Hours Either 1 or 3 Gm of oleic acid 
or ohve oil emulsified with gelatin to a volume of 20 cc was allowed to remain 
in the loop for a period of three or six hours As can be seen from the accom- 
panying table (experiment 4), the volume of fluid recovered tended to be small 
The percentage of loss was approximately the same whether the contents were 
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withdrawn at the end of three or of six hours or whether 1 or 3 Gm of fat >vas 
injected The average apparent recovery was 30 per cent 

Recovery of Fat After Injection of Bile Acid Alone After the injection of 
bile acid alone (experiment 5) there was a large excretion of fluid over a period 


Results of Vaiious Experiments 
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Mg 
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1 

Intestinal secretion 


3 

10 

94 


2a 

Gelatin 

250 

6 

22 

462 


2b 

Gelatin 

250 

6 

20 

405 


3a 

Oleic acid 

3,000 

0 

20 

2,871 

95 7 

3b 

Oleic acid 

3,000 

0 

20 

3,031 

100 4 

3c 

Olive oil 

3,000 

0 

20 

3,149 

104 0 

Sd 

Olive oil 

3,000 

0 

20 

2,938 

97 9 

4a 

Oleic acid 

1,000 

3 

5 

316 

31 6 

4b 

Oleic acid 

1,000 
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12 

378 

37 8 

4c 

Olive oil 

1,000 
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35 2 
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Olive oil 
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Olive oil 
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4f 

Oleic acid 

3,000 

0 

15 
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4g 

Oleic acid 
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6 

10 
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26 3 

4h 

Olive oil 

3,000 
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Olive oil 
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6 
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4j 

Oine oil 
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of SIX hours In the presence of deoxychohe acid there was a much greater excre- 
tion of intestinal juice than in the presence of cholic acid The second experiment 
with cholic acid was performed the day after the first experiment As can be seen 
the jield was four times as great both in volume of fluid and in total amount 
of fats 



DOUBILET-REINER— ABSORPTION OF FAT FROM ILEUM 861 

Injection of Fat and Bile Acids Experiments 6a to 6m show the results of 
the injection of fat and bile acid The injection of deoxychohc acid with fats 
resulted in the largest secretion of fluid and m the recovery of the largest amount 
of fat In fact, when 3 Gm of fat together with 300 mg of deoxychohc acid was 
injected and left for a period of three hours, more fat was recovered than was 
originally injected When SO mg of cholic or glycochohc acid was injected with 
3 Gm of fat and left for three hours, the percentage of recovery was 31 2 and 21 2, 
while the volume recovered was 16 and IS cc , respectively When 50 mg of 
deowcholic acid w^as injected w'lth 3 Gm of fat and left for three hours, 47 4 
per cent was recovered, while the volume of fluid averaged 30 cc When 300 mg 
of cholic acid was injected with 3 Gm of fat and left for a period of six hours, 

63 6 per cent of the fat was recovered, while the volume w^as 95 cc If deoxychohc 
acid was used instead of cholic acid in the same quantities, 122 per cent was 
“reco\ ered,” while the volume averaged 120 cc 

COMMENT 

Although general conclusions cannot be diawn on obseivations 
limited to one case during a shoit space of tune, they are of some interest 
because of their consistency and because the}'' appeal to be the first ones 
made directly on the intestine of a human being 

It is well known that the small intestine secretes a fluid containing 
a considerable amount of fat^ In this case the secietion from the non- 
obstructed intestine contained 0 94 per cent of lipids This figuie 
includes the fat content of the large number of lymphocytes normally 
present in the intestinal secretion Under the experimental conditions 
obtaining heie, with the open end of the loop closed, about 21 cc of 
fluid was recovered in six hours This fluid contained 433 mg , oi about 
2 per cent of fat It is impossible to say whether this fat was a 
transudate from the blood oi an actual secretion Since the type of fat 
m the stool is similar to that found in the blood and in fat depots,- the 
inference is that it was a transudate In that case the amount and rate 
of excretion of fat into the intestinal lumen should depend on the relative 
percentage of fat in the circulating blood as compared with the concen- 
tration of fat in the intestine However, since the process by which fat 
passes through the intestinal mucosa is unknown, it is impossible to 
state whether the concentration of fat either m the blood or in the intes- 
tinal lumen has any influence on the secretion or absorption of fat 

The experiments indicate that olive oil and oleic acid are readily 
absorbed from the middle portion of the ileum in human beings m the 
absence of bile acids Whether the amount of fat recovered at the end 
of three or six hours is an unabsorbed portion of the injected material 
or IS the lesult of intestinal secretion has not been determined m these 

1 Sperry, W M , and Angevine, B W Lipid Excretion IX The Secre- 
tion of Lipids into the Intestine, J Biol Chem 96 769, 1932 

2 Eckstein, H C Fatty Acids in Subcutaneous Fat of Man T Biol Cham 

64 797, 1925 . J ^ oi e.nem 
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experiments In considering experiments 4a to 4j , with the exception of 
experiment 4f, most of the figures foi the amount lecovered are not far 
off from the amount of fat excieted into the intestine under the experi- 
mental conditions In othei words, the total amount of fat injected maj 
have been completely absorbed, while the amount recoveied may have 
been due to intestinal secretion 

The effect of bile acids is veiy difficult to inteipiet The large 
amount of intestinal juice excreted when bile acids alone were injected 
(experiments 5a to 5c) may have been due eithei to irritation of the 
mucosal cells or to a physical effect of the bile acids on the mucosa 
Bile acids are apparently adsorbed on the suiface of the mucosal cells® 
However, the fat content of the fluid (2 1 per cent, average) was 
essentially similar to that of the secietion in the absence of bile acids 
The action of the bile acids in these experiments was to increase the 
volume but not the fat content of the intestinal secretion This increase 
in volume therefore appeals to be due to irritation This may explain 
the varying results m the two experiments with cholic acid (5b and 5c) 
These experiments were performed on successive days, and the irritation 
pioduced by the first experiment (5b) may have amplified the irritative 
effect of the second experiment, theieby increasing fouifold both the 
volume and the fat content of the intestinal fluid Experiments 6f and 
6g gave a similar lesult These weie perfoinied on successive days, and 
the recovery of fat in 6g was almost foui times as great as in 6a Similai 
findings have been i eported by Ci oner * and Gurailewski ® 

When fat was injected togethei with small amounts of bile acids, the 
recovery of fat m general did not difter markedly from the amount 
recoveied after the injection of fat alone The volume of the recovered 
fluid w^as on the average almost three times as gieat When large 
amounts of bile acids were injected together with fat, the volume of 
intestinal secretion was tremendously increased, m one case up to 140 cc 
The effect of a large amount of deoxycholic acid is well illustrated in 
expel iments 61 and 6m, in which more fat was recovered than was 
injected The injection of 300 mg of deoxycholic acid alone (5a) 
resulted m an excretion of 1 4 Gm of fat in six houis In experiments 
61 and 6m 3 Gm of fat was injected, together with 300 mg of deoxy- 
chohc acid By adding the excretion of fat produced by the action of 
the deoxycholic alone, there was a total of 4 4 Gm of fat actually present 
in the intestinal loop In these experiments the recoverv of fat averaged 

3 Verzar, F , and von Kuthy, A Die Bedeutung der gepaarten Gallensaureii 
fur die Fettresorption IV, Biochem Ztschr 230 451, 1931 

a Croner, W Versuche uber Resorption von Fetten im Dunndarm, 
Bicchem Ztschr 23 97, 1909 

5 Gumilewski Ueber Resorption im Dunndarm, Arch f d ges Ph3Sio1 
39 556, 1886 
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3 7 Gm Therefore, 0 7 Gm ot fat was actually absorbed duiing a 
peiiod of SIX houis By stimulating the excretion of fat the result of 
the presence of a large amount of deoxychohc acid m the ileum m this 
case was to prevent the absorption of fat 

The difficulty of interpreting such results is well illustrated by a short 
review of some of the hteiature Bloor, Speriy and their co-workers ® 
have shown that m animals the stool lipids are excreted m consistent 
amounts and aie of uniform type, regardless of the diet Krakower ‘ 
demonstrated that the same holds tiue in human beings Moreovei, 
according to Eckstein,- the fecal lipids are apparently similai m com- 
position to those m the fat depots m each species Accordingly, it 
appeals that fecal lipids represent an excretion of the blood into the 
small intestine ^ It therefore follows that all experiments of the type 
111 which the intake is compaied eithei with the fecal output or with the 
output of an isolated intestinal loop yield results which may be falsely 
mtei preted The amount of absoiption of a measured intake cannot be 
estimated by analyzing the stool, since the lipids m the stool are com- 
pletely independent of the intake If bile is completely diveited from the 
intestinal tract, absorption of dietary fat is greatly decreased, but at the 
same time the endogenous excretion of fat is greatly increased, since 
even with a fat-fiee diet the stools m cases of complete biliary obstruc- 
tion are fatty and bulky 

The same factors must be considered m interpietmg experiments that 
utilize an isolated intestinal loop The amount of fat lecovered at the 
end of a period of tune represents not only the material that has not 
been absorbed but also the lipid that has been excreted during that 
period 

This confusion m interpietation is well exemplified m eaily expeii- 
ments on isolated loops of small intestine in animals Von Furth and 
Schutz ® found that sodium oleate and steal ate were poorly absorbed by 
cats m expel iments covering periods of seven or eight hours The 
results were vaiiable, although olive oil apparently could be absorbed 
to an extent of over 50 per cent The addition of bile apparently had 
little effect Croner ^ showed that neutral fats aie best absorbed m the 

6 Hill, E , and Bloor, W R Fat Excretion, J Biol Chem 53 171 (July) 
1922 Holmes, A D, and Kerr, R H Ether Extract of Feces, ibid 58 377 
(Dec ) 1923 Sperry, W M , and Bloor, W R Fat Excretion Quantitative 
Relations of Fecal Lipids, ibid 60 261 (June) 1924 Sperry, W M Lipid 
Excretion, Further Studies of Quantitative Relations of Fecal Lipids ibid 68 , 
357 (May) 1926 

7 Krakower, A Fecal Fat and Its Relation to Fat in the Diet, Am T 
Phvsiol 107 49 (Jan ) 1934 

8 von Furth, O, and Schutz, J Em Beitrag zur Methodik der Versuche 
uber Fettresorption aus isolierten Darmschlmgen, Beitr z chem Phvsiol u 
Path 10 462, 1907 
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lower end of the small intestine He stated the opinion that the vaiious 
portions of the small intestine vary both qualitatively and quantitatively 
in their ability to absorb fats Apparently in the lower end of the small 
intestine in animals fats are absorbed to an extent of 50 per cent 
Plant,® V ei zar and von Kuthy ® and Riegel and his co-workers have 
shown that the addition of bile salts greatly increases the resorption of 
fats from the small intestine in animals 

However, in interpreting all these results three factois must be con- 
sidered (1) the situation of the isolated loop, since the lower end of the 
small intestine seems to absorb fats much more readily than the upper 
end, (2) the duration of the experiment, since the residual fat is the 
sum of the unresorbed portion plus the amount excreted during the 
period of the experiment, and (3) the frequency of the experiments — 
both Croner ^ and Gumilewski ® showed that if the loop is left alone for 
several da3's the resorption of fat is decreased in the next experiment 

CONCLUSIONS 

Obseivations on the absorption of fat from the middle of the ileum 
m one human subject showed the following facts 

In a human being the ileum secretes a fluid which contains about 
2 per cent of lipids 

The presence of bile acids increases the volume of the secretion, 
while its lipid concentration remains unchanged 

Olive oil and oleic acid are absorbed from the ileum even in the 
absence of bile acids 

Bile acids in small amounts have apparently no effect on the rate of 
absorption of fats from the ileum 

Deoxychohc acid in large amounts increases the volume of the excre- 
tion and so tends to reduce the rate of absorption of fat 

9 Plant, O H Experiments on the Absorption of Fat from an Isolated 
Loop of Small Intestine m Healthy Dogs, Am J Physiol 23 65, 1908 

10 Riegel, C , Elsom, K , and Ravdin, I S The Influence of Sodium 
Taurocholate, Hepatic Bile and Gall-Bladder Bile upon the Absorption of Oleic 
Acid from the Small Intestine, Am J Physiol 112 669 (Aug ) 1935 



SIMMONDS DISEASE (ANTERIOR HYPOPHYSIAL 

INSUFFICIENCY) 

REPORT OF TWO CASES WITH AUTOPSY 

MAE GALLAVAN, MD 

AND 

ALBERT T STEEGMANN, M D 

CLEVEL-VNO 

Because of the cunent interest in diseases of the endocrine glands 
and because of the comparative sparsity of reports of cases of Simmonds 
disease with autopsy, the following cases are placed on record There 
IS included also a comparison of some of the effects of the glandulai 
deficiency of Simmonds’ disease and of the glandular hyperfunction of 
aci omegaly 

REPORT OF CASES 

Case 1 — A 51 year old housewife was admitted to the Cleveland City Hospital 
on April 10, 1935, in coma 

Clinical Hist 01 y — The clinical history was obtained from the records of the 
University Hospital Dispensary, where the patient was first seen on June 8, 1933 
She complained then only of pain and stiffness of the knees, which were worse 
after disuse and improved with exercise These symptoms began three years 
previously, after six months of convalescence from a difficult delivery The 
menses, which had been normal, had stopped, and the patient had lost 20 pounds 
(9 Kg ) She had been married for eight years and had one other child, aged 7 
5 ears, v'ho was delivered by cesarean section Physical examination revealed a 
small healthy-looking woman weighing 109 pounds (49 Kg ) The temperature 
was 37 4 C (99 F ) The teeth were lacking, the eyebrows, eyelashes and hair 
of the head were thin and no axillary or pubic hair was noted The clinical 
diagnosis was arthritis, alopecia and malnutrition 

One cubic centimeter of a preparation of the anterior lobe of the h}'^pophysis ^ 
weekly and hydrotherapy were advised The patient reported irregularly and 
received only 20 cc of the hypophysial preparation in nine months Fine pubic 
and axillary hair appeared, she gained 3 pounds (15 Kg ) and the condition of the 
knees improved On March 1934 the temperature of 36 C (96 8 F ) aroused further 
investigation The patient admitted chilliness and anorexia The pulse rate was 
78, and the blood pressure was 130 systolic and 80 diastolic Pelvic examination 
revealed excessive postmenopausal atrophy for the patient’s age The basal 
metabolic rate was — 33 An electrocardiogram showed an inverted T wave m 
leads II and III The dextrose tolerance test showed a sugar content of 68 mg 
per hundred cubic centimeters of blood during fasting, one-half hour after the 

From the Laboratory of Pathologj’-, the Cleveland City Hospital, and the 
Department of Pathology, Western Reserve University 

1 The preparation used was antuitnn 
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ingestion of 100 Gm of dextrose the value was 116 mg , in one hour it was 
120 mg, and in two hours, 105 mg Gastric analysis showed free hydrochloric 
acid after the administration of alcohol and histamine The erythrocyte count 
was 2,700,000, and the hemoglobin content, 63 per cent 

The hypophysial preparation was then replaced by 0 064 Gm of desiccated 
thyroid three times a day and a diet with a high caloric and high vitamin content 
After three months of this treatment the basal metabolic rate was — 26 and the 
temperature 36 6 C (97 F ) , but the weight had fallen to 100 pounds (45 5 Kg ), 
and the patient had had a few dizzy spells Thyroid therapy was then dis- 
continued 

In November 1934 the patient’s energy was recorded as good, the weight was 
117 pounds (53 Kg) and the temperature was 34 C (93 F) In February 1935 
she felt “pretty good except for pains m the knees” The weight was 119)4 
pounds ('54 Kg ), and the temperature was 34 C (93 F ) 

Six w'eeks later, five days before being admitted to the City Hospital, the 
patient began to vomit and was unable to retain anything until the night before 
her adm ssion to the hospital, when she took a little orange juice She was in 
coma for several hours before being taken to the hospital 

Physical Examination — The patient was comatose, pallid and covered with 
perspiration Breath was slow and shallow The extremities were cold, and 
the knees were rigidly flexed but could be forcibly straightened out No body 
hair was present The heart sounds were distant The temperature was 34 4 C 
(94 F ) , the pulse rate 84 and the respiratory rate 16 The blood pressure was 
140 systolic and 80 diastolic 

Coni sc — The patient was given 60 cc of a 50 per cent solution of dextrose 
intravenously A generalized convulsion occurred three hours after the patient’s 
admission to the hospital Respirations stopped but began again after stimulants 
had been given and artificial respiration had been instituted The patient died 
ten hours after her admission to the hospital 

Laboi atoi y Findings — Analysis of the blood showed sugar, 21 mg per hundred 
cubic centimeters , carbon dioxide, 48 5 volumes per cent , chlorides, 104 mg , 
sodium chloride, 172 mg , and urea nitrogen, 6 mg The urine showed a specific 
gravity of 1 023, albumin and a few leukocytes 

Clinical Diagnosis — The diagnosis was hypoglycemia of unknown cause 
Autopsy — Autopsy was performed four hours after the patient’s death bv 
one of us (M G ) The body was well developed and moderately well nourished, 
measuring 170 cm in length and weighing approximately 110 pounds (50 Kg) 
The skin and mucous membranes were pale and without any unusual pigmentation 
or discoloration There was a conspicuous absence of pubic and axillary hair , 
the hair on the head was fine, brown and not abundant The eyebrows and eye- 
lashes Mere thin The breasts were small and well developed A moderate 
amount of yellow subcutaneous fat was exposed on section The heart weighed 
200 Gm and showed slight coronary arteriosclerosis The aorta had a roughened, 
gelatinous mtimal surface and microscopically showed irregular erosion of the 
intima and swelling and granular degeneration of the fibrous tissue of the intima 
and media The lungs showed a small focus of early bronchopneumonia The 
liver weighed 850 Gm , and the small lobules were made up of compact paren- 
chjmal cells The spleen weighed 125 Gm and had a slightly thickened capsule 
Histologically a few malpighian bodies were seen to contain secondarj^ nodules 
of dark brown, pigment-laden phagocytes The kidneys weighed 75 Gm each 
and histologically showed slight arterionephrosclerosis m an unusually compact 
tissue The bladder was the seat of slight chronic inflammation 
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The hypophysis with attached meninges and dura weighed 0 So Gm , the weight 
of the hypophysis alone being estimated as 045 Gm Histologically (fig ^ A) 
the anterior lobe showed extreme atrophy The interstitial framework was vaguely 
present in some situations, and although the acini were almost completely replaced 
by a granular, filmy, light eosinophilic substance, a rare ill defined cell group 
could be made out In the infundibular region was a small area of acinar cells 
that were better preserved These cells contained much lipoid in fine to coarse 
droplets, and with Mallory’s stain for connective tissue 97 6 per cent were chromo- 
phobic, 0 9 per cent were basophilic and 1 5 per cent were eosinophilic cells Some 
of the acini contained colloid, and in the pars intermedia were cysthke spaces filled 



Fig 1— The pituitary gland, X 10, hematoxylin and eosin stain A, cross- 
sections (case 1) showing (or) an atrophic fibrotic anterior lobe with (b) a zone 
of hemorrhage and (c) a small remaining island of cells of the anterior lobe and 
(d) of the posterior lobe B, cross-section (case 2) showing (a) an atrophic 
fibrotic anterior lobe with (b) a narrow band of preserved cells of the anterior 
lobe and (c) of the posterior lobe 

with colloid and lined with cuboidal epithelium Between the preserved and the 
atrophic portion of the anterior lobe was an area of hemorrhage in the connective 
tissue, and brown pigment-laden phagocytes ivere present m the adjacent fibrous 
hssue The posterior lobe showed gliosis which became marked peripherally 
The nerve fibers were markedly reduced in number The entire capsule of the 
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hypophysis was thickened and fibrous and contained elongated channels lined ivith 
flattened epithelium and surrounded by small areas of hemorrhage 

The pineal body weighed 200 mg , it was yellowish gray, cone shaped and 
on section finely granular Histologically, bands of fibrous tissue and neuroglia 
separated follicular groups of cells which had dark, dense to vesicular nuclei 
and ill defined eosinophilic cytoplasm, occasionally stippled with basophilic or 
brown pigment granules Several corpora arenacea were present 

The thvroid gland weighed 13 5 Gm and was not grossly fibrous Histo- 
logically (fig 2 A) it showed eosinophilic, dense, colloid-filled acini which were 
unequal m size, generally small and lined with low cuboidal to flat epithelium 
containing lipoid There was diffuse interlobular and intralobular fibrosis There 
was no conspicuous lymphocytic infiltration The intralobular capillaries were 
markedly reduced in number, and the interlobular vessels were surrounded by 
connective tissue 



Fig 2 — Photomicrographs of cross-sections of the thyroid gland, hematoxylin 
and eosm stain, X ISO A, Simmonds’ disease (case 1) B, acromegaly, C, Sim- 
monds’ disease (case 2) 


Two very small parath 3 ^roid glands were present Histologically (fig 2iA) 
they were composed almost entirely of irregular anastomotic groups of small 
transitional water-clear cells - In the cjdoplasm of these cells was a hpoid-stainmg 
area which in some cells was homogeneous and m others granular This area 
was about half the size of the nucleus These groups of cells were separated by 
sim larlj disposed, slightly less extensive adipose tissue A distinct acinar 
arra’^gement of slightly larger water-clear cells was present in one small, poorly 
delimited area These cells were pyramidal and rested on a distinct basement 
membrane, with the apexes reaching the center of the lumen In a rare acinus there 
was a small amount of colloid Between these acini was a moderate amount of 


2 This IS the terminologv used bv B Castleman and T B Mallory (Am J 
Path 11 1, 1935) 
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connective tissue One small compact group of pale oxj^philic cells and a few 
scattered oxyphilic cells were seen Nonvacuolated principal cells were rare 
Small blood sinuses were moderately numerous 

The pancreas weighed 40 Gm The number of islets per microscopic field was 
relatively increased The islets were of average or shghtl 3 '’ reduced size and 
were made up of compact cells that were otherwise normal in appearance The 
acinar cells were not unusual The lobules were small and compact, with moder- 
ately prominent, but not thickened, connective tissue septums 

The adrenal glands weighed only 3 Gm each On section the cortex was seen 
to be made up of two rather distinct zones The outer of these was a semi- 
translucent 3 "ellowish brown tissue , the inner, which measured from 0 S to 1 mm 
in thickness, had the appearance of adrenal cortex The medulla measured 5 mm 
in thickness centrally 



Pig 3 — Parathyroid glands, hematoxylin and eosin stain, X2S0 A, Simmonds’ 
disease (case 1), showing (a) transitional water-clear cells, (6) an adenomatous 
area of water-clear cells and (c) adipose tissue B, acromegal 3 ^ showing (a) a 
few transitional water-clear cells and (b) transitional oxyphilic cells 

Histologically (fig 4 A) the capsule was thickened with dense fibrous tissue, 
wrich occasionally enmeshed groups of glomerular zone cells and extended along 
the interstitial tissue to the medulla The cortex was markedl 3 ’- narrowed m all 
zone‘s 

The zona glomerulosa was lacking in many areas, while in others it showed 
the usual architecture The small cells contained finely granular, moderately dense 
eosinophilic cytoplasm with fine hpoid droplets There were some round, thin 
nuclei and some smaller, slightly irregularly shaped, dense basophilic nuclei 
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The zona fasciculata showed a reduction of the length and number of cells in 
the individual columns The cells were polygonal and contained lipoid-filled, 
faintly eosinophilic staining cytoplasm and round, finely stippled basophilic nuclei 
Rarely such columns were grouped together in an adenoma-like area There were 
a few narrower columns of dark eosinophilic cells with finely distributed lipoid 
Between these two types were intermediate stages, all types containing hpoid, for 
the most part in large dense globules 



Fig 4 — Adrenal glands, hematoxylin and eosm stain, X ISO The appearance 
in Simmonds’ disease, case 1 (A) and case 2 (C), compared with that in acro- 
megalj. (B) a indicates capsule, b, zona glomerulosa, Cj zona fasciculata, d 
zona reticularis, and, c, medulla 


The reticular zone showed a marked increase in fibrous tissue and encap- 
sulated the medulla The cortical cells scattered in this thickened reticulum had 
less cjtoplasm but were otherwise similar to those first described in the zona 
fasciculata Rarely w'as there a group of compact eosinophilic cells with dense, 
round basophilic nuclei A few cells contained fine, light brown pigment 
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The medulla showed no fibrosis or apparent atrophy There was a moderate 
amount of hpoid m many of the cells 

The uterus weighed 19 Gm Histologically the endometrium consisted of a 
single layer of cuboidal cells, with underlying compact fibrous tissue In the 
latter tissue were scattered channels lined with cuboidal epithelium The tubes 
were cordhke and lined with cuboidal to columnar ciliated epithelium 

The ovaries weighed 1 5 Gm each Microscopically they consisted of dense 
cellular connective tissue without follicles, of corpora albicantia and of thick- 
walled blood vessels In the left ovary were a few channels lined with cuboidal 
epithelium similar to those seen m the uterus 

In the histologic examination of the axillary and pubic skin no apocrine glands 
were identified The epithelium was thin, and the papillae were infrequent The 
dermis was compact There were occasional hair follicles and some were sur- 
rounded by compact fibrous dermis The few sebaceous glands had vacuolated 
cells and were surrounded by a hyaline capsule In the subcutaneous tissue were 
sudoriparous glands and ducts distended with eosinophilic fluid 

The central nervous system was minutely examined With the Nissl stain, 
the pia arachnoid showed green granules lying m the cytoplasm of the mesothelial 
cells and in phagocytic cells lying free m the tissues 

The cerebral cortex showed a diffuse change m the ganglion cells characterized 
by shrinkage of the cells, with deeply stained triangular or oval nuclei and pale 
blue homogeneous cytoplasm without Nissl granules or lipoid pigment The 
Bielschowsky stain revealed argentophilia of the nuclei of these cells but no 
fibrillary degeneration or senile plaques In other cells fine metachromatic 
granules or deep blue granules appeared to be lying in vacuolated cytoplasm 
Cells with pale, swollen nuclei, displaced nucleoli and faintly stained meta- 
chromatic cytoplasm appeared in the same field with the cells just described 
(fig 6 A and B) These changes in the ganglion cells were most pronounced 
in the second, third and fourth cortical layers The agranular central cortex was 
the region least affected Small circumscribed areas of cellular defects (Verod- 
nugsJici de) and diffuse cellular defects were present in many regions (fig 5) 

The fixed glia tissues contained many progressive macroglia cells with large 
clear nuclei and cytoplasm containing fat-staining green pigment granules These 
cells showed no fibril production with the Holzer stain In some areas of the 
white matter fat droplets were present in the glia cells The molecular layer of 
the cortex contained regressive microglia cells and astrocytes The capillary 
walls contained an excessive amount of fat, while the larger blood vessels exhibited 
perivenous round cell infiltration m many areas (fig 6 C) Periarterial collars of 
fat filled gitter cells and abundant fat in the adventitia cells were seen, especially 
in the white matter and the projection pathways No arteriosclerosis was present 
The Nissl stain revealed in the anterior commissure peculiar deep blue homogene- 
ous globules lying along the myelinated fibers 

In other regions besides the cortex changes similar to those described were 
noted in the ganglion cells but were less extensively distributed The basal gan- 
glions also contained many astrocytes with fat granules in their cytoplasm The 
cerebellum showed only pigment granules in the leptomeninges and the accumula- 
tion of products of degeneration around the arteries m the white matter 

Significant changes were observed in the hypothalamus Serial sections made 
through this region and compared with similar sections of normal brains revealed 
a total loss of axis-cylinders m the tuber cmereum coming from the pars nervosa 
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of the hypophysis ^ The nucleus supra-opticus showed a marked loss of cells, as 
compared with the normal condition, and those present exhibited a vacuolar type 
of degeneration (fig 6) The supporting tissue consisted of large fibrillary 
astrocytes and abundant glial fibrosis No colloid material, such as was described 
b} Scharrer,'* was present in the cells or supporting tissues The tract of 
unmyelinated fibers supposed to connect the nucleus supra-opticus with the pars 
ner\osa of the hypophysis could not be identified in the sections or traced in 



F’g 5 — The posterior insular region of the cerebral cortex, Nissl stain, X 85 
The arrow indicates a small circumscribed cellular defect in lamina IV Below 
and to the right is a small vessel with round cell infiltration 

normal material, but the changes seen in the nucleus supra-opticus offered pre- 
sumptive evidence of such a connection The number of cells in the nucleus para- 

3 Serial sections were made of frozen material in order to obtain more 
satisfactory Bielschow'skv preparations This entailed considerable technical 
dlffieiilh 

4 Scharrer, E Die Erklarung der scheinbar pathologischen Zelibilder im 
Nucleus supraopticus und Nucleus paraveiitricularis, Ztschr f d ges Neurol u 
Psychiat 145 462, 1933 



GALLAVAN-STEEGMANN—SIMMONDS’ disease 873 

ventnculans was not reduced, and there was onl}' the type of cellular changes noted 
in the cortex No relationship of this nucleus to the pars nervosa of the 
hypophysis could be identified 

Recoids of 1 other case in which a diagnosis of Siimnonds disease 
could be made weie found in reviewing the protocols of 7 ,000 autopsies 



Fig 6— A, posterior central gyrus, X 2,250 Note the severely shrunken 
cells with ghal satellite B, the parietal region , X 2,250 Note the ganglion cells 
with a loss of Nissl granules, faintly stained cytoplasm and changes in the nuclei 
described in the text C, an area of round cell infiltration shown in figure 5 
X 300 

at the Cleveland City Hospital and the files of 5,400 autopsies at the 
Institute of Pathology of the University Hospitals That case is here- 
with leported 
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Case 2 — A 60 year old white woman entered the University Hospital on 
Oct 5, 1934, in an irrational state The history was obtained from the daughter 
Cluneal History — The patient was married at the age of 19 She had had one 
miscarriage and six normal deliveries When she was 32 years old, toxemia of 
pregnancy was followed by the menopause For twelve years she had weekh 
“sick headaches,” urinary frequency and nocturia 



Fig 7— Nucleus supra-opticus , Nissl stain, X 300 A, normal brain, B, 
Simmonds’ disease Note the loss of ganglion cells, with vacuolation and degen- 
eration of the cells present, and the faintly stained fibrillary astrocytes 


Two years before her admission to the hospital she suddenly had chills and 
fever and m a few daj's became irrational During six weeks of hospitalization at 
that time these unexplained symptoms gradually subsided All the teeth were 
extracted because of severe caries Similar transient episodes occurred during 
the next five months Another attack nine months before her final admission to 
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the hospital lasted for three weeks and was followed by pains in the knees These 
pains had led to incapacitating flexion of the knees for the last seven months 

Two and a half weeks before admission to the hospital the patient showed 
fatigue, slowness of speech and drowsiness, which in four days progressed to coma 
with retention of urine This was followed by an irrational incontinent state 
without convulsions or paralyses 

Physical Bvaminatioii — The patient was an elderly, well developed and fairly 
well nourished woman She moaned and cried and was irrational The skin was 
fine, soft, dry and pale and vaguety suggested the appearance of brawny edema 
The eyebrows and the axillary and pubic hair were scanty The teeth were absent 
The heart was enlarged slightly to the left, and there was a soft systolic murmur 
over the precordium The blood pressure was 90 systolic and 55 diastolic The 
hver was enlarged, extending 3 fingerbreadths below the costal margin The legs 
were not atrophic but were held stiffly in 90 degree flexion, with apparent volun- 
tary contraction of the hamstring muscles The temperature was 37 8 C (99 F ) 
The pulse rate was 70 and the respiratory rate 18 

Laboiatoiy Findings — The urine was loaded with leukocytes The blood 
showed erythrocytes, 3,500,000, hemoglobin, 83 per cent, and leukocytes, 4,950 
The Wassermann test of the blood was negative The protein content of the plasma 
was 6 61 Gm , with an albumin-globulin ratio of 1 1 The blood contained 14 mg 
of urea nitrogen per hundred cubic centimeters Gastric analysis showed free 
hydrochloric acid during fasting A phenolsulfonphthalein test showed a 5 per 
cent output during the first hour and a 10 per cent output during the second hour 
Course — Treatment consisted of inserting an inlying catheter and irrigations 
of the bladder The temperature for the first five days was elevated to 39 8 C 
(103 F ), after which it fell to between 37 and 37 5 C (98 6 and 995 F) The 
slightly myxedematous appearance of the skin and infrequent shallow respirations, 
even with fever, suggested thyroid deficiency The basal metabolic rates obtained 
on the fifth, sixth and seventh days of hospitalization were — 16, — ^36 and — 34, 
respectively Twice a day 0 032 Gm of desiccated thyroid was given, the dose 
being increased to 0 064 Gm on the tenth day and further increased to three times 
dailv on the sixteenth day The basal metabolic rates on the twelfth and four- 
teenth days were — 13 and — 34, respectively Electrocardiographic studies showed 
a le/ocardiogram The PR interval was 016 second and the QRS interval 0 08 
second The rate was 82, and there was slurring in leads II and III, with a 
diphasic contour in lead III 

The mental state cleared for a while to the point of rationality Later the 
patient became lethargic, irrational and finally comatose These symptoms were 
accompanied with a drop in the blood pressure (from 144 systolic and 86 diastolic 
to 90 systolic and 62 diastolic) and elevation of the pulse rate (from 76 to 120) and 
temperature (to 40 5 C, or 105 F ), terminating m death 

A study of the blood made on the day of death showed urea, 23 4 mg , sugar, 
74 mg , carbon dioxide, 59 4 volumes per cent , leukocytes, 14,600 , neutrophils, 
57 per cent, lymphocytes, 26 per cent, eosinophils, 10 per cent, basophils, 3 per 
cent, and monocytes, 4 per cent 

Cluneal Diagnosis — The diagnosis was pyelocystitis, myxedema and toxic 
psychosis 

Autopsy Dr G A Tischer performed the autopsy five hours post mortem 
The body was well developed and moderately well nourished It weighed SO S Kg 
and measured 157 cm in length The skin was of normal consistency and did not 
feel thickened The breasts were small, the genitalia were those of an adult 
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worran The hair was scanty The heart weighed 290 Gm and showed chronic 
rheumatic disease with mitral stenosis The aorta showed intimal plaques with 
calcification There was pulmonary emphysema The liver weighed 1,400 Gm 
and microscopically showed subacute periportal hepatitis and an advanced degree 
oi arteriolar sclerosis A gallstone in the ampulla of the gallbladder completely 
ODstructed the cystic duct The urinary system was the seat of chronic and acute 
pyelonephritis and cystitis The kidneys weighed 130 Gm each The gastro- 
intestinal tract showed no significant abnormality 

The hypophysis was very small and difficult to recognize Histologically 
(fig IB) the capsule of the posterior lobe was markedly thickened with fibrous 
tissue , it was sharply demarcated from the pars nervosa, which was proportionately 
decreased in size The anterior lobe was almost completely replaced by thin, loose, 
moderately acellular connective tissue in which, adjacent to the pars intermedia 
and extending peripherally along one side, was a bandlike area containing groups 
of PC nar cells These cells were not sharply delimited and contained much hpoid, 
chiefly in large globules Mallory’s stain for connective tissue showed 98 1 per 
cent chromophobes, 1 6 per cent eosinophils and 0 3 per cent basophils A few 
ac’ni filled with colloid and lined with low cuboidal epithelium were present in the 
intermediate zone 

The pineal body measured 9 by 15 mm The tissue was made up of follicular 
groups of interneuroglia and neuroglia cells, the latter being more abundant 
The stroma in some areas was reticulum-hke and contained only a few scattered 
neuroglia cells Several corpora arenacea were noted 

The thyroid weighed 17 Gm and appeared to be poor m colloid Histologically 
the follicles varied little in size They contained a moderate amount of colloid 
and were lined with flattened epithelium There was intralobular and perilobular 
fibrosis, with marked lymphocytic infiltration and several large lymph follicles 
There was moderate arterial and arteriolar sclerosis 

T he parathyroid tissue included in the section of the thyroid gland showed 
principal cells and a few groups of oxyphilic and transitional water-clear cells 
One moderately large area showed cuboidal principal cells forming acini filled with 
dense eosinophilic colloid Adipose tissue was scattered throughout, arteriosclerosis 
vas marked and small capillaries were moderately numerous 

The pancreas weighed 100 Gm , and histologically the islets and acini appeared 
normal 

T he adrenal glands each weighed 4 Gm , and section revealed no gross fibrosis 
Histclogically the capsule was thickened with fibrous tissue, and all cortical 
zones were narrowed The cortical cells were filled with fat in small and large 
droplets The zona reticularis contained moderately coarse, brown pigment and 
showed no extensive fibrosis The medulla was not appreciably reduced in size 
and show'ed the usual cj^ologic features 

The uterus was small and firm, and the endometrium was atrophic and hemor- 
rhagic The tubes w'ere cordhke The ovaries were small and firm Histologicallv 
they show'ed seieral small cvstic spaces, some lined with flattened epithelium, 
others with cuboidal epithelium which showed papillary projections into the lumen 
A few' cysts contained eosinophilic, homogeneous, acellular material There were 
several corpora albicantia There w’ere areas of extensive hemorrhage The blood 
\essels were thickened, and a few were calcified 

The brain weighed 1,250 Gm and showmd marked sclerosis of the small 
arteries A thorough studi b\ special neuropathologic methods w'as not made, and 
the material is no longer aiailable 
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COMMENT 

The first patient is considered as showing uncomplicated Simmonds 
disease The differential diagnosis has been well discussed in many of 
the leports, especial!) those of Calder,® Silvei ‘ and Gunthei and 
Comville ® 

Cachexia, w^hich is usually but not always associated with Simmonds 
disease, \vas not present How^ever, theie had been an appreciable loss 
of weight It is to be noted that after the prepaiation of anteiior lobe 
of the hypophysis had been leplaced by thyroid the weight fell rapidly 
After thyroid w^as discontinued a high caloric diet was forced To this 
the subsequent good nutiitional state might be attiibuted, as cachexia 
has been prevented by a high carbohydrate intake in experimental ani- 
mals ” However, Wahlbeig^® noted that aftei thyroid was given to 
emaciated patients the loss of Aveight increased, but when thyioid 
w'^as discontinued the weight lose far beyond previous levels Of the 
patients i epoi ted on who showed either no cachexia at death or a gain m 
weight befoie death, those of Bratton and Field and Aitken and 
RusselO- had received thyioid, whereas the patients of Hirsch and 
Berberich and Hantschmann,^'* although they had been given a pi epa- 
lation of the antenoi lobe of the hypophysis, received no thyioid 
Fahr’s patient leceived no glandulai therapy Tauber’s^" patient 

5 Simmonds, M Ueber Kachexie hypophvsaren Ursprungs, Deutsche med 
Wchnschr 42 190, 1916 

6 Calder, R M Anterior Pituitary Insufficiency (Simmonds’ Disease), 
Bull Johns Hopkins Hosp 50 87 (Feb) 1932 

7 Silver, S Simmonds’ Disease (Cachexia Hypophyseopriva) Report of 
Case with Postmortem Observations and a Review of the Literature, Arch Int 
Med 51 175 (Feb) 1933 

8 Gunther, L, and Courville, C B Hypophyseal Cachexia (Simmonds’ 
Disease) with Atrophy of Anterior Lobe of Pituitary Gland Report of Case, J 
Nerv & Ment Dis 82 40 (July) 1935 

9 Mahoney, W Hypoglycemia Hypophj^siopriva, Am J Physiol 109 475 
(Sept) 1934 

10 Wahlberg, J Asthenia Gravis Hypophyseogenea, Acta med Scandmav 
84 550, 1935 

11 Bratton, A B , and Field, A B Case of Simmonds’ Disease, Lancet 
2 806 (Oct 13) 1934 

12 Aitkin, R S , and Russell, D S Case of Simmonds’ Syndrome, Lancet 
2 802 (Oct 13) 1934 

13 Hirsch, S, and Berberich, J Beitrag zur Frage der multiplen Blut- 
drnsensklerose (plunglandulare Insuffizienz), Klin Wchnschr 3 483, 1924 

14 Hantschmann, L Beitrag zu den Stoffwechselstorungen bei Hypophysen- 
vorderlappenausfall, Deutsches Arch f klin Med 176 397, 1934 

15 The preparation used was praephyson 

16 Fahr, T Beitrag zur Pathologie der Hypophyse, Deutsche med Wchn- 
schr 44 206, 1918 

17 Tauber, R L Zur Kenntms der Simmondsschen Krankheit, Med Khn 
23 H99 (Sept 30) 1927 
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died of an intercurrent infection, as did the second patient of this 
report The explanation which Wahlberg gave for the gain in weight 
in cases of functional insufficiency of the anterior lobe in which treat- 
ment with thyroid was given does not hold in our case , the hypophysis 
was atrophic beyond the probability of restoration through the relief 
of one of its functions over a relatively short peiiod That hypophysi- 
oprivic cachexia is dependent on adrenocortical damage, as suggested 
by Evans, was not substantiated m this case , the adrenal glands were 
markedly fibrosed and atrophic, and there was no reason for believing 
that there was cortical repair during the period in which weight was 
gained 

The complaint of pain in the joints, which was severe in both the 
cases here reported, has never been noted as characteristic of Simmonds’ 
disease It was recorded in the history of each of the patients reported 
on by Schaefer,-® Hochstetter,-^ Jakob,^- Graubner,-® Fink and Brat- 
ton and Field,^’- the ages ranging from 22 to 52 years The incidence 
of arthritis m anterior hypophysial insufficiency is, therefore, much lower 
than that found by Monroe m thyroid insufficiency , this suggests 
that the arthritis may be associated with the secondary involvement of 
other ductless glands rather than with primary hypophysial insufficiency 

The favorable response to the active principle of the anterior lobe 
of the hypophysis, which unfortunately was lost sight of when it was 
discovered that the basal metabolic rate was low, has been frequently 
reported recently in cases in which a clinical diagnosis of Simmonds' 
disease was made No patient for whom this therapy was considered 
successful has yet been subjected to postmortem examination The 

18 Wahlberg, J Hypophyseothyrogenic Adiposity and Emaciation, J A 
M A 106 1968 (June 6) 1936 

19 Evans, H M , Meyer, K , Pencharz, R I , and Simpson, M E Cure of 
Cachexia Following Hypophysectomy by Administration of Growth Hormone and 
Its Relation to Resulting Adreno-Cortical Repair, Science 75 442 (April 22) 1932 

20 Schaefer, H Beitrag zur Lehre von den Entzundungen specifischer und 
nicht spezifischer Natur in der Hypophyse, Inaug Dissert, Pathologisches 
Institut, Jena, 1919, Centralbl f allg Path u path Anat 30 520, 1920 

21 Hochstetter, F Beitrage zur Khnik der multiplen Blutdrusensklerose, 
Med Klin 18 661 (May 21) 1922 

22 Jakob, A Zwei Falle von Simmondscher Krankheit (hypophysare 
Kachexie), Virchows Arch f path Anat 246 151, 1923 

23 Graubner, W Die hypophysare Kachexia (Simmondssche Krankheit), 
Ztschr f khn Med 101 249, 1925 

24 Fink, E B Gumma of the Hypophysis and Hypothalamus, Arch Path 
15 631 (May) 1933 

25 Monroe, R T Chronic Arthritis in Hyperthyroidism and Myxedema, 
New England J Aled 212 1074 (June 6) 1935 
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patients of Simmonds and Hirsch and Berbench showed temporary 
improvement A patient with far advanced Simmonds disease reported 
on by Weinstein did not respond to pituitary substance, and although 
the patient reported on by Hantschmann appeared to be improving, 
death from empyema in a month makes evaluation difficult As Silver ' 
emphasized, there must be a conservative interpretation of the results 
of substitution therapy in a disease which may have spontaneous remis- 
sions and may be of long duration The 1 cc of a preparation of 
anterior lobe of the hypophysis once a week given to the patient here 
reported on seems theoretically inadequate in view of the extensive 
atrophy of the anterior lobe of the hypophysis Although Smith 
and Evans have showm that in hypophysectomized rats the atrophic 
endocrine glands are repaired during hypophysial substitution therapy, 
there are no reports of the effects of such treatment on atrophic duct- 
less glands which show extensive fibrosis It seems unlikely that adrenal 
and thyroid glands that w^ere atrophic and stenosed to the extent seen m 
the case here reported could adequately respond to the active principle of 
the anterior lobe of the hypophysis However, experimental and clinical 
investigations of this fundamental problem are necessary before any con- 
clusions can be drawn and a rational therapy for Simmonds’ disease 
established 

Extensive studies of the chemical changes in the blood in the episodic 
or terminal coma of Simmonds’ disease have never been reported 
Studies such as those made by Loeb in adrenal insufficiency would be 
of great interest In several cases determinations of the sugar content 
of the blood have been made, and there was marked hypoglycemia, as 
was present in oui case 1 The extremely low content of chloride m 
the blood, which unfortunately there -was no opportunity to check, is of 
interest because of the atrophic condition of the adrenal glands, but there 
was no corresponding hypotension, the blood pressure at the time being 
114 systolic and 80 diastolic 

The interesting postmortem observations in this case, aside from 
those generally reported in Simmonds’ disease, were neuropathologic and 
confirmed those of Jakob,-- who emphasized the importance of changes 
in the nervous system in Simmonds’ disease The diffuse uncharacter- 
istic changes in the ganglion cells, unassociated wath the presence of 

26 Simmonds, M Atrophie des Hj^pophysenvorderlappens und hypophysare 
Kachexie, Deutsche med Wchnschr 44 852, 1918 

27 Weinstein, A Multiglandular Syndromes Resembling Simmonds’ Dis- 
ease, with Case Report, Am J M Sc 189 245 (Feb) 1935 

28 Smith, P E Hypophysectomy and Replacement Therapy in the Rat Am 
J Anat 45 205 (March 30) 1930 

29 Loeb, R F Chemical Changes in the Blood in Addison’s Disease, Science 
76 420 (Noi^ 4) 1932 
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excessive lipoid pigment or fatty scleiosis, the aieas of cellulai defects, 
the protoplasmic growth of the gha cells and the absence of senile plaques 
and fibnllarv degeneiation of the nerve cells aie identical with his obser- 
vations The involvement of the infenoi olive, the dentate nucleus of 
the cerebellum and the corpuscular bodies described by Jakob was not 
seen Degenerative pioducts and round cell infiltration aiound the blood 
Aessels ^^ere not noted in Jakob’s case but are fiequently seen in senile 
dementia Otherwise the changes weie not similai to those of the 
senile involutionary process, although defimtel} of a letrograde or 
degenerative character The round cell infiltiation lepresented “symp- 
tomatic inflammation” (Spielmeyei) and is not considered an indication 
of encephalitis Jakob’s observations, which we have confirmed, have 
apparently not been desciibed by other obseivers The changes probabl} 
depend on the metabolic distuibances secondary to polyglandulai insuffi- 
ciency and may conti ibute to the mental symptoms of Simmonds’ disease 
Jakob observed m a patient with Addison’s disease changes like those he 
described in Simmonds’ disease 

In an attempt to deteimme the significant anatomic changes m the 
ductless glands m this case of pluriglandular insufficiency, the case was 
studied m conjunction with one of plui iglandular hyperfunction The 
lattei was a typical case of acromegaly m a 39 year old man who came 
to autopsy with a picture m general similar to that repoited by Cushing 
and Davidoff®“ The conspicuous diffeience between Simmonds’ disease 
and aciomegaly, apart from size, is the vascularity of the ductless glands 
In acromegaly there are numerous thm-walled capillaries adjacent to the 
glandular units, whereas m Simmonds’ disease the capillaiies, markedly 
decreased m number, are usually surrounded by interstitial fibrous tissue 
In the thyroid gland (fig 2) the colloid in Simmonds’ disease is dense, 
that m acromegaly is thin and pale , the lining cells of the acini are more 
cuboidal and contain less fat m acromegaly and there is relatively no 
fibrous mteistitial tissue The paiathyroid glands m acromegaly (fig 3) 
contain no interstitial adipose tissue and aie composed of medium-sized 
principal cells which boidei on the pale oxyphilic type, contain little oi 
no hpoid and are arianged m columns, frequently adjacent to large 
sinusoids containing a thin eosinophilic edema-like substance and capil- 
laries In neither case is there an appreciable number of definite 
oxjphilic cells The parathyroid gland m Simmonds’ disease is similai 
to that described b} Jakob -- m Ins case but does not correspond m detail 
to the type described by Houssay aftei hypophysectomy m animals , 

30 Cushing, H , and Davidoff, L M The Pathological Findings in Four 
Autopsied Cases of Acromegaly, with a Discussion of Their Significance, Mono- 
graoh 22, Rockefeller Institute for Medical Research, April 23, 1927 

31 Houssaj, B A Certain Relations Between the Parathyroid, the Hipoph- 
3 SIS and the Pancreas, New England T Med 214 1128 (June 4) 1936 
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nor does the parath} roid gland in acromegal} have the same structure 
as that briefly described by him in induced hyperpituitarism m animals 
In routine sections of the pancreas stained rvith hematox}hn and eosin 
and with stains for fat, the islets of Langerhans appear to be made up of 
similar cells, which in acromegaly have slightly more cytoplasm but are 
not more numerous The fibrosis noted in other glands in Sinimonds 
disease is not present in the pancreas In the adrenal glands there is a 
great difterence (fig 4) The zona leticularis in Simmonds’ disease 
(our case 1) is fibrous, and only a rare shrunken pigmented cell remains , 
this contrasts markedly with the wide zona reticularis in the case of 
acromegaly in which the cells were large and laden with pigment The 
hpoid, which is extensively deposited throughout the adrenal gland in 
Simmonds’ disease, is present chiefly in the zona glomerulosa and in the 
peripheral third of the zona fasciculata in the adrenal gland in 
acromegal} Although the adrenal glands m this particular case of 
Simmonds’ disease did not correspond to any of the types described by 
Zwemer,^" those of the acromegalic patient corresponded in most 
respects to his type of “severe exhaustion of the adrenal ” 

The second patient here reported on may be classed as having 
Simraonds’ disease but dying of intercurrent infection , the history and 
symptoms were those of both conditions, and the effect of this inter- 
relationship IS difficult to evaluate Periods of fever and mental dis- 
turbances have been previously reported in Simmonds’ disease 
Whether cachexia and microsplanchnia uould have developed had the 
patient not succumbed to an intercurrent infection is impossible to deter- 
mine The only anatomic feature by which the diagnosis of Simmonds 
disease may be justified is atrophy of the pituitary out of proportion to 
the general glandular atrophy 


SUMMARY 

Two patients with Simmonds’ disease are reported on The first 
patient showed the t}pical postmortem picture of fibrosis and almost 
complete atrophy of the anterior lobe of the hypophysis, fibrosis and 
marked atrophy of the adrenal glands, thyroid glands and gonads, as 
well as visceral microsplanchnia The patient showed the characteristic 
histor}'- of onset following a complicated pregnancy and the loss of hair 
teeth and sexual functions, and symptoms of weakness, chilliness and 
poor appetite, together with a subnormal temperature, a low basal 
metabolic rate, an increased sugar tolerance and anemia and a fatal 
termination in hypoglycemic coma The lack of cachexia was explained 
as a result possibly of therapy The central nervous system showed an 
uncharacteristic diffuse disease of the ganglion and glia cells and cellular 

32 Zwemer, R L Stud} of Adrenal Cortex Morpholog}% Am T Path 12 
107 rjan) 1936 
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defects in the cortex, changes which confirmed the observations of 
Jakob The nucleus supra-opticus exhibited loss and degeneration of 
the ganglion cells 

The second patient presented several chaiacteristics of Siminonds’ 
disease — the onset of the menopause following toxemia of pregnancy, 
fatigue, mental disturbances, scanty bod)'^ hair, a low basal metabolic 
rate and at autopsy an almost completely atrophic anterior lobe of the 
hypophysis and moderately atrophic adienal and thyroid glands, but 
cachexia had never developed, death was not in hypoglycemic coma and 
there was no visceral microsplanchnia The additional history of 
episodes of chills and fever and the finding of chronic and acute cystitis 
and pyelonephritis suggested that this intei current infection rather than 
Simmonds’ disease was the terminating factoi 

In both cases pain in the knees was a piomment symptom 



A REVIEW OF FOUR HUNDRED AND FORTY 
CASES OF PELLAGRA 

V P SYDENSTRICKER, MD 

AND 

E S ARMSTRONG, MD 

AUGUSTA, GA 

From a clinical standpoint the pioblems of the etiology and treatment 
of pellagia remain unsolved, and the moitality rates in general hospitals 
range between 20 and 50 per cent In an effort to determine the most 
promising fields for fuither inquiry into the etiology of pellagra and also 
to determine the causes of such persistently high death rates, the records 
of 440 patients with tins disease were analyzed When patients were 
admitted to the hospital more than once, the new data weie added to 
those previously recorded, no patient was counted twice The inteival 
over which the observations were made covered the sixteen years 
between Jan 1, 1919, and Dec 31, 1934 

Several reviews of pellagra have appeared during recent years, 
notably those of Turner,^ Boggs and Padget,^ Mulholland and King ® 
and Garrett ^ It was felt that our senes, being considerably larger than 
those previously reviewed and representing patients drawn from a 
relatively small community which has perhaps undergone less economic 
stress during the past decade than larger centers of population, might 
throw added light on the problem 

The diagnosis was based on the usual criteria of stomatitis with 
glossitis, dermatitis of characteristic type, diarrhea and psychoses The 
diagnosis was not consideied established unless at least two of these 
conditions weie present In many instances typical glossitis and derma- 
titis were considered adequate 

As shown in chart 1, there was a mailced increase in pellagra after 
1924, the peak being reached m 1929, with sharp declines in 1930 

From the University of Georgia School of Medicine, and the University 
Hospital 

1 Turner, R H Pathologic Physiology of Pellagra Tabulated Clinical 
and Physiological Data, J Chn Investigation 10 61-70 (April) 1931 

2 Boggs, T R, and Padget, P Pellagra Analysis of One Hundred and 
Two Cases, Bull Johns Hopkins Hosp 50 21-32 (Jan) 1932 

3 Mulholland, H B , and King, R L Pellagra Review of Cases with 
Special Reference to Gastric Secretions, JAMA 101’ 576-580 (Aug 19) 1933 

4 Garrett, T C Analysis of Cases of Pellagra Admitted to Pennsylvania 
Hospital Since 1922, Am J M Sc 190 525-535 (Oct ) 1935 
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and 1934 No adequate explanation has been offered for the increase m 
1929 This was a period of relative prosperity and great industrial 
activity in the community, few persons were unemployed and the gen- 
eral scale of living was peihaps at an all time high level in all classes 
of the population Alcoholism was not a factor 

Chait 2 shows the incidence of pellagra by months There was the 
usual seasonal distribution, the greatest number of patients being 
admitted during the eaily summer As the aveiage duration of symp- 
toms prioi to hospitalization was four weeks, the July peak theiefoie 
lepiesented cases beginning in May and June However, pellagra 
occurred thioughout the year 

Of the 440 patients, 250 were white patients and 190 weie 
Negioes, all fiom a population almost exactly divided between the races 
Of the white patients, 88 (35 2 pei cent) were males and 162 (64 8 per 

!JO of 
patients 



Chart 1 — The incidence (upper line) and the mortality (lower line) of pellagra 

cent) ^^ele females Of the Negroes, 56 (29 5 per cent) were males 
and 134 (70 5 per cent) were females 

The age distribution was wide, patients of all ages between 5 and 
89 yeais being observed The ages of over half (285) fell into the thiee 
decades between 21 and 50 years, inclusive 

The death late showed differences, possibly of significance, as to 
race and sex Of the white males, 22 (25 per cent) died, of the wdiite 
females, 33 (204 per cent) died The total mortality among the white 
patients was 22 7 per cent Of the Negroes, 28 5 per cent of the males 
and 35 8 pei cent of the females did not recover The total mortality 
among Negroes w^as 33 7 per cent (chart 3) The effect of yeast 
therapy was probably reflected in the death rate During the seven years 
betw^een 1919 and 1925 92 patients were treated with a high protein, 
high caloric diet, with the addition of citrus fruit juice, milk, cod liver 
oil and diluted hydrochloric acid Many were fed by tube to insure 
adequate nourishment, and a laige number were given arsenic in various 
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Chart 2 — The incidence of pellagra by months 


No of 
Patients 
170 



White llale 
White Female 
ITegro Hale 
Negro Female 
Died 



Chart 3 —The incidence and mortality rate of pellagra by race and sex 
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forms This group of patients showed a 33 7 per cent mortality 
During Januaiy 1926, at Dr Goldberger’s suggestion, dried yeast was 
added to the diet in amounts vaiying between 30 and 90 Gm daily, and 
all empirical medication was discontinued During the ensuing nine years 
348 patients were treated, 88 (25 3 pei cent) of whom died , the favor- 
able differential under yeast ti eatment was therefore 8 4 per cent The 
total percentage of deaths during the entire period was 27 04 per cent 
The largest number of deaths occurred among patients m the age group 
from 31 to 50, and the actual rate of mortality increased sharply after 
the fouith decade (chart 4) 

The occurrence of “cardinal’' symptoms and signs and their apparent 
relation to the fatal outcomes is shown in table 1 No very significant 
differences weie present, except m the incidence of psychoses, these 
weie noted neaily twice as frequently in the fatal cases 


?Jo of 
Patients 



Chart 4 — The age incidence (indicated by o’s) and the mortality rate (indicated 
by x’s) by decades 

The incidence of fevei was studied on account of the widely held 
opinion that a peisistent or maiked elevation of temperatuie without 
definite infection carries a bad prognosis Complications which were 
consideied adequate cause foi fever occuried m 68 patients (table 4), 
among the lemainder of the gioup tempeiatuies exceeding 99 5 F were 
lecoided over periods of not less than five days in 222 instances High 
fevei was seen almost exclusively among those who died The relative 
distiibution of pyrexia is shown in table 2 

Considerable importance was attached to examinations of the blood 
Estimations of the sugar and nonprotein nitrogen contents of the blood 
weie made 420 times, and nothing of significance was obseived 
Hemoglobin determinations by Sahli’s method and eiythiocyte and 
leukocyte counts were obtained for all but a few patients Anemia was 
considered present when the hemoglobin value was below 80 per cent 
and the led cell count below 4,000,000 In certain instances anemia was 
certainl} masked by dehydi ation, usually m the most sevei ely ill patients. 
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for inany of whom only one examination of the blood was made 
Anemia was present in 83 6 per cent of the patients , in 22 patients 
(5 per cent) the color index exceeded 1 1, and the anemia was classed 


Table 1 — Dxsttibution of Caidmal Stgits and Symptoms 



Patients 

Who 

Recovered 

(321) 

Percentage 

Patients 

Who 

Died 

(119) 

Total 

Number 

of 

Percentage Patients 

Percentage 
of Entire 
Group 

Glossitis and stomatitis 

310 

965 

117 

933 

427 

97 04 

Dermatitis 

299 

931 

117 

98 3 

416 

94 50 

Diarrhea 

220 

635 

91 

76 5 

311 

70 70 

Psychoses 

130 

40 5 

91 

76 5 

221 

50 20 


Table 2 — Range of TempexaUne 


Temperature, F 

A 


/ 




' ~ "N 

99 6 101 

101 102 

102103 

103 106 

Total 


Patients who recovered 

86 

15 

8 

3 

112 

Patients who died 

36 

14 

10 

50 

no 

Totals 

122 

29 

18 

53 

222 


Table 3 

— Results of ExammaUons of the Blood 






Hemoglobin, % 




20 29 

30 39 

40 49 

50 59 

€0 69 70-79 

80 95 

Total 

Patients who recovered 

3 

3 

20 

42 

84 no 

57 

319 

Patients who died 

3 

6 

11 

22 

21 33 

18 

114 

Totals 

6 

9 

31 

64 

105 143 

75 

433 




Erythrocytes, Millions 




114 

1 5-19 2 2 4 

2529 

334 3539 

448 

Total 

Patients who recovered 

1 

1 

12 

29 

60 78 

134 

321 

Patients who died 

1 

4 

9 

10 

21 22 

41 

118 

Totals 

2 

5 

21 

39 

87 100 

175 

439 




LeuLocytes, Thousands 




Below 

5 

574 

7599 

10 12 4 12 5 18 

Total 

Patients who recovered 

29 


96 

121 

48 

24 

318 ' 

Patients who died 

12 


40 

27 

10 

24 

113 




— 


- . 1 — _ 

— 



Totals 

41 


136 

148 

58 

48 

431 


as hypeichioinic (unfoitunately, the volume index was not detei mined 
foi these patients) The lemaining 77 6 pei cent of the group definitely 
showed hypochromic anemia The leukocyte counts were of no special 
significance, counts above / ,400 being lecorded 254 times The degree 

and distiibution of anemia and of leukopenia and leukocytosis aie shown 
in table 3 
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The gastric content in its i elation to adequate gastric function is a 
matter of much interest and possible impoitance In this series onl} 
247 patients had test meals, as the importance of this pioceduie was 
not appreciated during the eailier yeais The Ewald meal was used, and 
in most instances the fractional method of withdrawal was practiced, 
histamine was not used It was noted that the amount of the contents 
lecovered after a test meal was almost uniformly small, seldom exceed- 
ing 50 cc In patients with apparent anacidity the late appearance of 


No of 
Patients 



Chart 5 — The relation between gastric acidity and the mortality rate 

flee acid was not noted In 67 patients theie was some free hydro- 
chloric acid, 6 of these patients died, giving a mortality late of 89 per 
cent Achloihydiia was shown by 180, 43 (23 9 pei cent) of whom 
aid not recover Seventy (36 3 per cent) of the 193 patients whose 
gastiic content was not examined succumbed The appaient relation 
of achloihydna to the moitality rate is shown in chart 5 

Neurologic disturbances other than pS 3 mhoses were not fiequent, and 
111 this respect our series vaiied widely from those repoited by others 
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Some evidences of combined sclerosis were noted in 33 patients (7 5 per 
cent) and peripheral neuritis in only 11 patients (2 5 per cent) The 
very low incidence of peripheral neuritis may possibly be accounted foi 
by the relative raiity of alcoholism among our patients 

Alcohol as a causative or precipitating factor of pellagra had no 
influence comparable to that noted m the experience of Boggs and 


Table 4 — Comphcations 


Disease 

Number of 
Patients 

Patients Wlio 
Beco\ ercd 

Patients Who 
Died 

Amebiasis 

3 

3 

0 

Arteriosclerosis 

10 

s 

2 

Arthritis, chronic 


1 

1 

Asthma 

o 

3 

0 

Bronchopneumonia 

25 

2 

23 

Cerebral hemorrhage 

2 

1 

1 

Granuloma venereum 

2 

2 

0 

Heart disease (all types) 

30 

22 

s 

Helminthiasis 

5 

5 

0 

Hypertension (essential) 

7 

5 


Hyperthyroidism 

1 

1 

0 

Malaria 

i 

4 

0 

Meningitis (septic) 

1 

0 

X 

Morphinism 

2 

2 

0 

Nephritis (all types) 

4 

1 

3 

Obesity 

1 

1 

0 

Otitis media, acute 

1 

0 

1 

Pelvic inflammation 

14 

11 

> 

Pneumonia, lobar 

2 

0 

2 

Pulmonary abscess 

i 

0 

1 

Starvation 

4 

0 

4 

Syphilis (all stages) 

57 

42 

Id 

Tuberculosis 

18 

12 

6 

Urinary intections 

13 

IS 

0 


Table 5 — Relation of Recoveiy 

to Extent of Hospitalization 

Days in Hospital 

Patients Who 
Eecovered 

Patients Who 

Died 

1 7 

24 

54 

S14 

73 

34 

15 21 

86 

13 

22 2S 

39 

5 

29 35 

31 

9 

36 42 

22 

5 

43 49 

14 

2 

jO 56 


9 

57 63 

9 

0 

04 and over 

18 

2 


Padget - 01 of Spies and DeWolf ® A histoiy of seveie acute oi chronic 
alcoholism was obtained for only 38 patients (8 8 per cent) In prac- 
tically every instance it was felt that it did have a direct bearing on the 
development of pellagra In the gieat majority there had been a 
tiemendous consumption of unaged illicitly distilled com whisk}^ over a 
lelatively shoit peiiod, vaiying from two to eight weeks prior to the 

5 Si>ies, T D , and DeWolf, H F Obsen ations on the Etiologic Rela- 

tionship of Se\ere Alcoholism to Pellagra, Am J M Sc 186 521-525 (Oct) 1933 
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onset of symptoms The occuiience of peripheral neuritis was much 
more frequent in the group of alcoholic patients (8 of the 11 instances) 
The mortality rate was not influenced by alcohol — 8 of the 38 alcoholic 
patients died 

Complications were recognized in 215 patients, and then natuie and 
relation to the mortality are shown in table 4 Seveie acute pulmonary 
infection, heart disease and possibly syphilis were the only concurrent 
ailments Avhich seemed to have a definite influence on the outcome 
As a matter of interest the relation of lecovery to the duration of 
hospitalization was noted It is significant that 45 4 per cent of the 
deaths occurred duiing the first week of hospitalization and 73 7 per 
cent during the first two weeks These patients showed an advanced, 
deh 3 ’^drated and usually febrile condition and were profoundly demented, 
not being amenable to any form of theiapy yet suggested The data are 
piesented m table 5 

COMMENT AND CONCLUSIONS 

The items of possible significance which appear in this analysis are 
few but rather well defined The relatively high death rate among 
Negroes is difficult of explanation Syphilis and tuberculosis are more 
common among them than among white persons, but these diseases do 
not account for more than a small fi action of the difference in mor- 
tality Contrary to the general impression, the southern Negro lives 
well, and while his diet may be somewhat low in proteins of optimum 
biologic value, it is rich in green vegetables of good vitamin B, content 
Neglect of symptoms cannot be considered the cause, as the Negro 
population from which these patients were diawn has been the object 
of almost paternal medical supei vision for about a centuiy, and medical 
advice is sought by them for the most trivial complaints 

The incidence of lesions of the spinal coid and of peripheral neuritis 
was notably less among our patients than that noted in othei reports, 
on the other hand, psychoses attiibutable to pellagra were considerably 
more frequent It is possible that these conditions depend on the factors 
precipitating the syndrome When alcoholism is important, lesions of 
the peripheral nerves seem to be much more frequent 

Alcohol as an apparent etiologic factor was almost negligible in this 
group, but that it may be a potent cause of pellagra is not denied It 
is well known that the gastiic function is greatly impaired by severe 
alcoholism, and this we believe to be of greater importance than any 
inadequate intake of food during a spree 

Anemia occurred frequently, but in the great majority of patients it 
was definitely hypochromic A few patients who showed a color index 
greater than unity were not conti oiled by determinations of the volume 
index Studies of the bone marrow of a small numbei of patients 
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with severe pellagra indicated that its reaction is definitely nonspecific ° 
These obseivations are in accord with those of other authois 

The importance of gastric dysfunction and possibly of hepatic 
changes has not been genei ally emphasized Mulholland and King ^ 
discounted it, Boggs and Padget ^ and Spies and Payne ’’ have stressed it 
We have been paiticularly impressed by the frequency of anacidity and 
by the inadequate amounts of gastiic contents recovered from pellagrins 
even when free hydrochloric acid was present Helmer, Pouts and 
Zei fas ® have shown that the pepsin and rennm contents are diminished 
in the gastiic mucosa of patients with pellagra That a grave defect of 
gastric function exists seems most \ike\y, and experiments earned out 
in this clinic suggest that it is the determining factor in the production of 
the syndrome Lesions of the livei, most often fatty degeneration, are 
present m a great majority of the patients coming to necropsy (92 per 
cent of our small senes) These have been noted by all obseiveis, but 
then significance has been discounted It seems likely that they may 
have gieat importance as pait of a picture of gastro-mtestmal failuie 
Levin has expressed the opinion that the liver contiols the acid 
production of the stomach That the changes in the gastro-mtestmal 
function are primary and causative lather than secondary to pellagra is 
an attractive hypothesis Further, it seems probable that these changes 
result in an intimsic deficiency analogous to but probably distinct from 
that which is piesent in pernicious anemia 

6 Krjukoff, A Blut und Blutbildung bei schweren Fallen von Pellagra, 
Foha haemat 45 196-206 (Sept) 1931 Vryoms, G P Unpublished obser- 
vations 

7 Spies, T D, and Payne, W A Study of the Etiologic Relationship 
Between Pellagra and Pernicious Anemia, J Clin Investigation 12 229-234 (Jan ) 
1934 

8 Helmer, O M , Fonts, P J , and Zerfas, L G Gastro-Intestinal Studies 
III Determinations of Enzymes on Autopsy Specimens from Cases of Pernicious 
Anemia and Pellagra, Arch Int Med 53 675-679 (May) 1934 

9 Sydenstricker, V P , Armstrong, E S , Derrick, C J , and Kemp, P S 
On the Existence of an Intrinsic Deficiency in Pellagra, Am J M Sc 192 1-8, 
(July) 1936 Sydenstricker, V P , and Kemp, P S Unpublished observations’ 

10 Levin, A L, in discussion on Mulholland and Kings 
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DISEASES OF THE HEART 

A REVIEW OE SOME CONTRIBUTIONS MADE DURING 1936 

ASHTON GRAYBIEL, MD 
With the Editorial Assistance or 
PAUL D WHITE, MD 

BOSTON 

The suggestion that foreign medical reports be given greater empha- 
sis than heretofore seems worth while, because of the fact that they 
are less readily available to the aveiage readei Accoidingly, the review 
this yeai assumes a more international character The material has 
again been organized very simply, with the etiologic subdivisions made 
as complete as possible For example, under the heading “Rheumatic 
Heart Disease” will be found nearly all the material Specifically 
relating to this illness No attempt has been made to review the various 
textbooks and monographs, as this has already been done adequately 

PHYSIOLOGY AND EXPERIMENTAL PATHOLOGY 

Investigation of the action of the vagus and sympathetic nerves 
or of then chemical mediatois on the heart is being vigorously pushed^ 

In an eftoit better to undei stand the factors controlling cardiac 
acceleiation duiing muscular exeicise, Brouha, Cannon and DilH"' 
made a senes of extremely interesting expeiiments on totally sym- 
pathectoinized dogs Before sympathectomy the average heart late 
during lest is around 110 beats a minute, after an emotional stimulus 
the heait late may jump to from 180 to 220, during light exercise the 
rate ranges from 170 to 200, during aveiage exercise the rate stabilizes 
aiound 220 to 240, dm mg intense exercise the late often i caches 
240 to 260 111 the first SIX seconds, and, as exercise is prolonged, it 

From the Cardiac Clinic of the Massachusetts General Hospital 

1 (cf) Brouha, L , Cannon, W B , and Dill, D B The Heart Rate of the 
Sympathectomized Dog in Rest and Exercise, J Phvsiol 87 345, 1936 (b) 

Pinkston, J O , Partington, P F, and Rosenblueth, A A Further Study of 
Reflex Changes of Blood Pressure m Completely Sympathectomized Animals, Am 
J Phjsiol 115 711, 1936 (c) Gremels, Hans Ueber die Steuerung der energeti- 

schen Vorgange am Saugetierherzen, Arch f exper Path u Pharmakol 182 1, 
1936 (d) Bronk, D W , Ferguson, L K , Margaria R, and Solandt, D Y 

The Aciditv of the Cardiac Sympathetic Centers, Am J Physiol 117 237, 1936 
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may leach 300 to 315 The caidiac deceleration following exeicise is 
not always the same aftei comparable amounts of exeicise, although 
It drops markedly within six seconds after average or intense exercise 

After total sympathectomy the heart late averages around 82 beats a 
minute, which is definitely below that for noiinal dogs Respnatoiy 
arrhythmia is always more marked than normal An emotional stimulus 
always produces cardiac acceleiation, and the rate ma}’^ jump from 
80 to 140 or even 180 beats a minute, during light exeicise it stabilizes 
between 120 and 140 and duimg aveiage exercise between 160 and 
200, dm mg intense exercise following a sudden initial acceleiation 
there is a progressive rise to 200 or moie Cardiac deceleiation follows 
the normal pattern 

Three months aftei operation the heait late lemains slow, but 
the capacity for work is about noimal, exercise is accomplished with- 
out effoit, muscular coordination is faultless, and the animals ^e not 
short of bieatli and show noimal fatigability The sugai and lactic 
acid content of the blood, the alkali leseive and the body temperature 
vary within normal limits 

The explanation of this cardiac acceleration in totally sympathec- 
tomized dogs, which is only 30 or 40 per cent below noimal, was not 
found in a change of body temperatme, the action of musculai metabo- 
lites or the liberation of epinephrine oi sympathin They did find that 
when atropine was injected the heart rate reached from 210 to 230 
beats a minute The same dose of atropine after section of both vagus 
nerves produced no effect, the rate stabilizing around 130 beats a 
minute, but stimulation of the peripheral ends of both vagus nerves 
resulted in caidiac acceleration, which in one dog reached 230 beats 
a minute The authors concluded from this that bilateial vagotomy 
suppresses some accelerator mechanism which comes into play during 
exercise or under the influence of atropine This mechanism is not seen 
in cats, but it is probably present in man The impoitant lesearches of 
Jourdan and Nowak are mentioned, wheiein they demonstiated in dogs 
the existence of cardio-accelerator fibers coming from the mesencephalon, 
leaving the brain by way of the vagus nerve and going down to the 
vagosympathetic trunk The same authors have shown that these fibers 
are put into action during asphyxia 

Anrep, Barsoum and Talaat ^ have shown that the cardiac muscle 
in the heart-lung preparation of a dog continuously produces measurable 
quantities of a histamine-like substance The behavior of this substance 
in the presence of various chemical reagents and the manner in which 

2 Anrep, G V , Barsoum, G S , and Talaat, M Liberation of Histamine 
by the Heart Muscle, J Physiol 86 431, 1936 
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It acts on \arious biologic test objects provide strong evidence that this 
substance is actually histamine The production of histamine is increased 
by laising the blood pressuie and to a much greater extent by the 
administration of epinephrine In every instance of increased produc- 
tion of histamine theie is also an increase of its concentration in the 
blood of the coronal y veins, which suggests the possibility that histamine 
may paiticipate in the augmentation of coronary blood flow obseived 
when the arterial blood pressuie is raised The important question is 
raised as to whether the epinephrine acts as a coronary vasodilator 
by diiect action on the sympathetic neive endings or through the 
liberation of a metabolite, possibly histamine Further experimentation 
IS necessaiy to decide this question The obseivation that an excess of 
caibon dioxide and especially a deficiency in oxygen also cause a 
conspicuous increase in the pioduction of histamine suggests that this 
increase may be indirectly due to lelative anoxemia or a change in the 
acid-b3.se equilibrium within the contracting muscle cell 

Radnai and Ascher ® have made an intei esting contribution con- 
cerning the compensatory increase in the size of the cai diac valves The 
study was actually begun by Radnai m 1929 with the development of a 
method accurately to determine the suiface aiea of cardiac valves In 
the course of his eaily investigations it appealed that m those cases 
of syphilitic aoititis and to a lesser degiee m aiteriosclerosis in which 
the process was not extended over the aortic valve, this valve was 
considerably enlarged Furthermore, it appeared that this valvular 
enlargement was often of a higher degree than the enlargement of the 
aoitic opening In certain instances the valve could completely close 
an aoitic opening twice or more than twice normal size Consequently, 
relative aoitic insufficiency is found uncommonly not because of 
“iigidity” of the aortic opening but because the dilated opening can 
be closed by the enlarged healthy aortic valve 

It was only natural to extend this study to the investigation of othei 
cardiac valves Radnai and Aschei showed that m normal subjects 
the area of the pulmonary valve is slightly larger than that of the 
aortic valve In instances of pulmonaiy hypertension the pulmonary 
valve IS stiikingly enlarged not only in relation to the normal but also 
in comparison with the normal aortic valve of the same subject The 
increase in size of the pulmonary valve stands in close relationship 
to the degree of hypertrophy of the right ventricle and is similar in 
degree whether the increase in blood pressure in the pulmonary artery 
IS due to mitral stenosis or to severe emphysema Enlargement of the 

3 Radnai, P , and Ascher, F Ueher die kompensierende Vergrosserung der 
Herzklappen, Deutsches Arch f klin Med 179 142, 1936 
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pulmonaiy valve contiasts with that of the aortic valve in that theie is 
d smaller difference between the aiea of the valve and the size of the 
opening Thus there is not the far-i caching piotection against the 
development of relative insufficiency of the pulmonary valve that theie 
IS against aoitic insufficiency This disci epancy between the enlaige- 
ment of the pulmonary and that of the aortic valve is shown in all 
piobability to be due to the diffeient forces at work In the case of 
the formei, the chief factoi is the inciease m blood pressuie, while in 
the lattei case the chief factor lies in the disease of the aortic wall, 
which permits the downwaid displacement of the sinus of Valsalva 

Radnai and Aschei next consideied whether this mechanism of com- 
pensatoiy enlargement applies to the initial valve The accompanying 
tabulation summarizes then lesults 



Average 

Maximal 

Minimal 


Value, 

Value, 

Value, 


Sq Mm 

Sq Mm 

Sq Mm 

Area of mitral valve m normal subjects 

Area of mitral valve m subjects with hypertrophj of 

1,573 

2,170 

1,000 

left ventricle 

1,850 

3,000 

1,100 


The probable mechanism of enlaigement of the initial valve is con- 
sideied Because this enlargement is lelatively slight, compaied with 
the dilatation of the initial oiifice in instances of hypeitiophy of the left 
ventiicle, mitral insufficiencj^ is of common occurience 

Dieckhoff ^ has pointed out that it has long been known that the 
hypeiti opined lieait of a patient m congestive failure is moie sensitive 
to digitalis than is a normal heart Col responding expeiiments on 
animals have confiimed this obseivation, and Dieckhoff decided to 
deteimme whethei the presence of hypeitiophy without decompensa- 
tion IS associated with an inciease in sensitivity to digitalis The tests 
weie earned out on cats in winch the left ventricle was maikedly h3^pei- 
ti opined as a result of artificially produced aortic insufficiency It was 
found that the sensitivity to digitoxm and strophantlnn was definitely 
increased, wheieas it was normal in heaits with lecently produced aoitic 
msufficienc}'^ without hypertiophy 

In a furthei study Dieckhoff® peifoimed an mteiestmg senes of 
experiments on cats’ hearts, using Starling’s heart-lung preparation 
When aoitic insufficiency is produced by injuring a single cusp of a 
valve, the ability of the heart to do work is markedly i educed below 
1101 mal, wheieas if the valvular injury is of long standing (one hundred 

4 Dieckhoff, J Digitoxin-Strophantin-Empfindhchkeit aortenklappeninsuffi- 
zienter Herzen mit und ohne Hypertrophic, Arch f exper Path u Pharmakol 
182 285, 1936 

5 Dieckhoff, J Leistungsfahigkeit aortenklappeninsuffizienter Herzen ohne 
und mit Hypertrophic ini Herz-Lungen-Praparat (nebst Digitalisierungseffek- 
ten), Arch f exper Path u Pharmakol 182 268, 1936 
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to one hundred and fifty-four days) and accompanied with caidiac 
hypertiophy, the ability to do work approaches that of a noimal heart 
After injury to two aortic cusps the ability of the heart to do work 
IS severely reduced, and this ability is not appreciably raised, even after 
passive hypertrophy It was found that a heart with a fresh defect of the 
aoitic -valve which was made functionally complete by means of an 
ingenious artificial valve behaved similarly to a normal heart-lung prep- 
aration If a heart that was hypertrophied as a result of long-standing 
valvular injury was made functionally complete by means of an artificial 
valve, it was capable of more work than a normal heart 

Other papers on physiology and experimental pathology® cannot 
be mentioned in detail, because of considerations of space 

ROENTGENOLOGY 

The exhibition last year of excellent cineroentgenogi ams aroused 
great interest Progress in cmeroentgenography has been slow because 
of many serious difficulties ^ The fundamental difficulty lies in the fact 
that x-rays will not ref i act in the manner of light rays, thereby making 
it impossible to focus them on a photographic film Consequently it is 
necessary either to use a film of sufficient dimension to contain a natural- 
sized image of the object to be pictured or to photogiaph the image 
produced on a fluorescent screen The former, so-called direct, method 
IS being utilized by van de Maele and by others, while the latter, or 
indiiect, method is being used by Djian,® by Reynolds and by Jankei 
Reynolds ’’ has described his experiments and the many improvements 
in apparatus and technic made from time to time which have at last 
made indirect cmeroentgenography a really practical achievement At 
present it is impossible correctly to evaluate the many and fai -teaching 
potentialities of this procedure It should prove of immense value in 
the functional study of a moving, irregular, three-dimensional organ 
such as the heart 

6 Green, H D The Coronary Blood Flow in Aortic Stenosis, in Aortic 
Insufficiency and in Arterio-Venous Fistula, Am J Physiol 115 94, 1936 Gauer, 
O Ueber Pulswellengeschwindigkeit in Aorta und Beinarterien des Menschen, 
Ztschr f Kreislaufforsch 28 7, 1936 Haynes, F W , Ellis, L B , and Weiss, S 
Pulse Wave Velocity and Arterial Elasticity in Arterial Hypertension, Arterio- 
sclerosis, and Related Conditions, Am Heart J 11 385, 1936 Rothberger, C J 
and Zwillinger, L Ueber die Wirkung von Magnesium auf die Strophanthin- 
und die Barium-Tachykardie, Arch f exper Path u Pharmakol 181 301, 1936 
Bay, E B The Work of the Left Ventricle in Aortic Insufficiency, J Chn 
Investigation 15 643, 1936 

7 Rejnolds, R J Cineradiography, Fortschr a d Geb d Rontgenstrahlen 
53 602, 1936 

8 A copj’ of Djian’s aneroentgenogram of the heart was demonstrated bv 
H B Sprague before a small group of physicians in Boston 
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Foul yeais of study and expenmentation with roentgenkymography ” 
have confirmed some of the early enthusiasm regarding its use in 
cardiovasculai disorders It is an objective and accurate method foi 
graphically lecording the physiologic and pathologic movements of the 
neart and great vessels, and its usefulness includes accurate topographic 
identification of the cardiac chambers , additional aid in the diagnosis of 
certain diseases of the heart, pericardium and great vessels, and better 
evaluation of the tonicity and force of conti action of the left ventncle 

Faber and Kjaeigaard,®^ in an excellent article, have pointed out 
that there have long been published several experimental i oentgenologic 
woiks on the function of the heart which seem to unsettle somehow 
the conceptions adopted by the physiologists According to Starling, the 
increased influx of venous blood during diastole produces temporarily 
a dilatation of the ventricles of the heart, so that the muscle fibeis are 
lengthened prioi to systolic contraction This has been termed the 
physiologic dilatation of the heart, and many physiologists subscribe 
to this theory Duiing the past thirty-four years the results of numerous 
roentgenographic studies of the working heart have been incompatible 
with this theory These studies have shown that in healthy persons 
there is usually a reduction m the size of the heart immediately after 
exercise Occasionally there were found to be slight increases m size, 
but any considerable dilatation of the heart after maximal exertion 
occurs only when the myocardium is seriously affected 

The authors just mentioned made kymographic examinations of the 
hearts of 50 healthy young subjects during brief severe work It was 
found that brief work produces changes m the heart similai to those 
that are demonstrable after more protracted woik These are increase of 
the rate of the beat and increase in the power of the individual contrac- 
tions, associated with a rise of the blood pressure and a diminution in 
size of the heart both in systole and in diastole The amplitude of 
excursion of the left ventricle increases significantly, and the same 
IS true in a lesser degree for the right ventricle, which presumably 
accounts for the increased beat volume 

9 (a) Heier, H Herzwandveranderungen im Flachenkymogramm, Fortschr 
a d Geb d Rontgenstrahlen 53 895, 1936 (&) Delherm, L, and Fischgold, H 

Quatre annees de radiokymographie cardiovasculaire, ibid 53 223, 1936 (c) 

Scott, W G , and Moore, S The Construction of Roentgenkymographs and 
Kymoscopes, Radiology 26 622, 1936 (d) Roentgenkj’-mography in Diseases of 

the Heart A Relatively New and Efficient Aid in Diagnosis, JAMA 107 
1951 (Dec 12) (e) Hirsch, I S , and Gubner, R Application of Roent- 

genkymography to the Study of Normal and Abnormal Cardiac Physiology, Am 
Heart J 12 413, 1936 (/) Faber, B, and Kjaergaard, H Kymographic Studies 

on the Influence of Brief Muscular Work upon the Heart Function, Acta med 
Scandmav 89 537, 1936 
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It IS evident from this and other studies that the inciease of the 
beat Aoluine in the woiking heait cannot be due to the inci eased diastolic 
dilatation but that it is due to an inci eased emptying powei and a 
decrease in the volume of the heart during lest The idea of passive 
dilatation of the heait as a cause of the inci eased minute volume is 
therefoie, in the authors’ opinion, to be replaced by a moie active con- 
ception of the compensatoiy power of the heait and the increased 
beat volume 

Evans has wiitten the best account in the English language of the 
couise of the esophagus in health and in disease of the heart and gieat 
vessels The natural pliancy and intimate relationship of the esophagus 
to the heait and great vessels explains how readily its course may be 
altered by disease in these structuies These alteiations togethei with 
the roentgenographic anatomy of the normal esophagus have been well 
desciibed It is our object to piesent this woik in sufficient detail to be of 
piactical value, unfoitunately, it is not feasible to reproduce the 
illustrations 

A marmalade-flavored suspension of barium sulfate and another 
palatable preparation of barium sulfate were found especially suitable 
opaque meal substances The position of choice for roentgenoscopy, 
with due regard to practicability, was found to be with the patient’s 
arm raised and the hand placed on the head Examination was always 
carried out in the three conventional positions — anterior, right oblique 
and left oblique 

Four esophageal curves oi impressions can be seen in the healthy 
subject, and according to the viscus producing them, they have been 
designated as the impressions of the aortic arch, the left bronchus, the 
left auricle and the descending aorta An impression caused by the left 
ventricle can sometimes be seen in the left oblique position The contour 
of each curve alters when the patient is rotated to the right or to the 
left, and there is an optimal point at which each curve can be portrayed 

The impression of the aortic arch is produced by that portion of 
the arch which has commenced to descend The concavity of the curve 
is directed to the left, is about 3 cm long and, although seen in all three 
positions, IS best seen in the anterior and m the light oblique position 
Ev^ans constructwely criticizes Kieuzfuchs’ method of determining the 
diametei of the aortic arch (distance fiom the aortic impression to the 
opposite border of the aortic shadow) by discussing variables which 
sometimes invalidate it 

10 E^ans, W The Course of the Oesophagus m Health, and in Disease of 
the Heart and Great Vessels, Medical Research Council, Special Report Series, 
no 208, London, His Majesty’s Stationery Office, 1936 
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In congenital dexti ocardia the concavit}^ of the iinpiession of the 
aoitic aich is directed toward the right and the other esophageal impies- 
sions also aie leveised In dextroposition of the aoita in the absence 
of dextrocai dia, the impression of the aoitic aich is directed to^\ald 
the light, but the remaining esophageal impiessions aie unalteied 

In syphilitic aortitis the impiession of the aortic aich may be dis- 
placed and elongated, and the diametei of the aoita may be inci eased 
Changes limited to the ascending aoita oi to the fiist poition of the 
aoitic aich seldom distuib the impression If the displacement is well 
marked and to the light in the anteiioi position, the aoitic dilatation 
has occuired in the descending poition of the aich and chiefly to 
the right If the impiession is elongated without displacement and the 
aoitic piominence is mostly to the left, the aoititis is situated in the 
descending poition of the arch and the upper pait of the descending 
aorta The effects of atheioma and hypei tension on the impression of 
the aoitic aich must be excluded befoie the changes aie attributed 
to aoititis 

The impiession of the aoitic aich is clearly seen in all thiee positions 
and often is elongated in the anteiioi position if atheroma of the aoita 
is piesent The dense aortic shadow in i elation to the curve of the 
baiium appears like a ball in a socket 

Deformity of the impression of the aortic arch may be produced by 
caicmomatous bronchial glands, goiter, aneurysm of the innominate 
aiteiy and othei conditions 

The impiession of the left bionchus on the esophagus commences 
immediately below the impiession of the aortic aich and is fiom 2 
to 3 cm long It is poorly seen in the anterioi position and best seen in 
the right oblique position, wheie the concavity of the cuive is m the 
same diiection as the impiession of the aortic arch, in the left oblique 
position the concavity of the cuive is oppositely directed to the impies- 
sion of the aortic aich Alteration of the curve of the left bronchus 
IS not a fiequent finding in cai diovascular disease, because of the rigidity 
of the bionchus which produces the impression Accentuation of the 
cuive may result from mitral stenosis but not from enlargement of 
the pulmonaiy artery The impression of the left bionchus is the curve 
of least clinical impoitance 

In noimal peisons the impression of the left auricle is usually 
visible in the anteiior position as a slight and gradual curve, with its 
concavity directed to the left This impression is seldom seen in the left 
oblique position but is well seen in the right oblique position, as a 
gentle cuive, 5 or 6 cm long, with the concavity directed anteriorly 
In an adult with a long and naiiow thorax this curve may disappear 
during deep inspiration, but in a child it assumes such prominence that 
this finding should be judged with caution 
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In mitral stenosis with slight enlargement of the left auricle a study 
of the impression of the left auricle in the anterior position is seldom 
decisive, because the chief esophageal displacement is backward, even 
111 the right oblique position it is often difficult to say whether the curve 
IS normal or abnormal Some help is derived from a study of the 
upper segment of the curve, because abruptness of this poition is 
caused by the atrial prominence of the left auricle With moderate 
or marked distention of the left auricle, the esophagus is seen m the 
anterior position to be displaced to the right and in the light oblique 
position to be displaced backward 

With enlargement of the left ventricle, the impiession of the left 
auiicle may be altered in a similai manner to that seen m enlargement 
of the left auricle With enlargement of the left ventiicle, however, 
the impression is seen in both oblique views, and the alteiation is m 
the lower portion of the curve 

In aneurysm of the descending aorta the curve of the defoimed left 
auricle is best seen m the left oblique position 

The impression of the descending aorta m the healthy subject is 
a gentle curve situated just above the diaphragm, with its concavity to 
the left in the anterior and in the left oblique position and a little 
to the right in the right oblique position Its chief significance lies m 
the demonstration of changes in this portion of the aoita caused by 
syphilis and atheroma Aneursym displaces the esophagus forward and 
to the left Atheroma, with resulting elongation of the descending 
aorta, may be declared by elongation, by increased depth of the impres- 
sion and, of course, by increased density of the aorta 

Parkinson and Bedford have described a translucent triangle 
surmounting the aortic arch, which may be seen in the roentgenogram 
of the chest m the left oblique position It is proposed as a landmark, 
additional to the aortic window, to simplify roentgenographic measure- 
ment of the aorta and identification of certain other structuies in the 
thorax The right border of the aortic triangle is formed by the left 
subclavian artery, the left bordei by the spine and the base by the 
arch of the aorta 

This triangle is diminished by elevation, elongation or dilatation of 
the aortic arch , it is enlarged by conditions which lower the aortic 
summit and by emphysema It is often possible to determine the 
diameter of the aorta by measuring the distance between the base of 
the aortic triangle and the upper limit of the aortic window 

11 Parkinson, J , and Bedford, D E The Aortic Triangle A Radiological 
Landmark in the Left (or II) Oblique Position, Lancet 2 909, 1936 
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McGinn and White and Kautz and Pinner have emphasized 
the importance of epicardial fat in roentgen studies of the heart The 
chief importance lies in nonrecognition, which may lead to a consider- 
able eiror in the i oentgenographic measurement of the size of the heart 

ELECTROCARDIOGRAPHY 

Recent mteiest in electrocardiogiaphy has centered around the stud}- 
of chest leads That they are valuable may be taken as an established 
fact, and their loutine use should be encouraged 

There is still some difference of opinion regarding the optimal 
placing of the electiodes Undoubtedly, more work is necessary before 
this question can be settled to the satisfaction of all We see no 
sufficient reason yet to alter oui earlier statement that for routine exam- 
ination it seems wise to use a single chest lead (lead IV) with elec- 
trodes applied to the aiea over the cardiac apex and to the left leg 
Rarely it may be necessaiy to apply the chest electrode in other positions 
over the thorax It has been shown and leemphasized recently that 
when the chest electiode is applied just to the right of the sternum at 
the level of the third nb, the resulting curves aie especially suitable 
for the inteipietation of auricular components, and when the electiode 
IS applied ovei the apical area of the heait, the lesulting curves aie 
especially suitable foi the interpietation of ventiicnlar components of 
the electrocardiogiam The so-called indifferent electiode is usually 
placed on the left leg when the chest lead is taken, although Wolferth 
and Wood have said that they feel that something may be lost unless 
this electiode is placed on the back 

Because the “piecordial” electiocardiogram is determined laigel}'^ 
by the vaiiations m potential fiom the chest electiode, any consideiable 
shift in location of this electrode or in the position of the heait will 
affect to an impoitant degiee the lesulting curves Hence criteiia for 
the noimal deflections m lead IV are defined with difficulty The 
initial ventiiciilai deflection usually consists of a sharp downward 
deflection (Q), 15 mm oi more in amplitude, followed by a sharp 
upwaid deflection (R), 15 mm or moie in amplitude The ST seg- 
ment IS usually very shoit, beginning at or slightly below the iso-electiic 

12 McGinn, S , and White, P D Epipericardial Fat Its Nonrecognition 
a Common Cause of Error in X-Ray Measurement of Heart Size, JAMA 
107 200 (Julv 18) 1936 

13 Kautz, F G , and Pinner, M Extrapencardial Fat Bodies, Am J Roent- 
genol 35 40, 1936 

14 Lian, C , and Golbhn, V Interet nosographique et pratique de la denerva- 
tion precordiale aunculaire, Ann de med 29 721, 1936 Hecht, H Brust- 
wandableitungen in der klmischen Elektrokardiographie, Deutsches Arch f khn 
Med 179 1, 1936 
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level and quickl} merging with T, which in adults is inverted and from 
2 to 10 mm in amplitude Absence of the Q wave or displacement of 
the ST segment is the most significant abnoimahty which may occur, 
alterations in the T wave are more commonly seen but aie of lesser 
significance It has been known for some time and reemphasized 
lately^® that in children the T wave is usually upright oi diphasic but 
may be inverted as it is in normal adults 

Lead IV has shown its greatest usefulness m the diagnosis and 
prognosis of coronary heart disease, especially coronary occlusion 

After infarction of the anterior wall of the heart the first electro- 
cardiographic change is usually a lowering of the ST segment in lead 
IV This IS followed by a marked decrease m amplitude or abolition 
of Q and by an upwai d deflection of T in the same lead During recov- 
ery the ST segment usuall}'' reverts to the normal position, the T wave 
may oi may not become mvei ted again, but the Q wave i arely reappears 
Not only may the electrocardiographic alterations in lead IV be the first 
to declare the presence of acute infarctron of the anterior wall, but they 
may persist, even though all other electrocardrographrc evrdence of 
rnfarctron has disappeared For patients with angina pectoris in whom 
there is no clinical evidence of previous coronary thrombosis, lead IV 
ma)'- give the only electrocardiographic evidence that myocardial infarc- 
tion has taken place 

After infarction of the posterior basal portion of the heart there is 
usually no significant alteration in lead IV Sometimes, however,* the 
first sign of infarction is seen in an upward displacement of the ST 
segment m this lead Occasionally there are changes in the T wave, 
T may become deeper than normal or upright 

There is some current interest, with little publication as yet, in 
myocardial infarction which produces inversion of T in lead I or leads 
I and II, an upright T wave m lead IV and persistence of Q in lead 
IV For patients showing these electrocardiographic abnormalities 
there is apparently a good prognosis, and as yet there is little or no 
information obtained at autopsy It is probable than the infarct caus- 
ing such changes is small and located laterally or marginally 

In rheumatic heart disease the T wave in lead IV may become 
upright Because an upright, diphasic or polyphasic T wave m this 

15 (cr) Rosenblum, H , and Sampson, J J A Study of Lead IV of the Electro- 
cardiogram m Children with Especial Reference to the Direction of Excursion of 
the T-Wave, Am Heart J 11 49, 1936 (b) Rabmow, M , Katz, L N , and 
Bohnmg, A The Appearance of the T-Wave in Lead IV in Normal Children 
and in Children with Rheumatic Heart Disease, ibid 11 88, 1936 

16 Levine, S A , and Levine, H D An Electrocardiographic Study of Lead 
IV, uith Special Reference to the Findings in Angina Pectoris, Tr A Am Physi- 
cians 1 303, 1935 
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lead IS common foi normal children, single tracings in individual cases 
add no valuable information Serial electrocaidiogiams may supply 
suggestive data, but it cannot be emphasized too strongly that it is 
difficult to take seiial lecoids which aie strictly comparable, foi the 
reasons just given 

Lead IV of the electi ocardiogram may be abnormal m cases of 
peiicarditis, but only laiely should these abnormalities be confused 
with those seen in coronary heait disease In fact, lead IV fiequently 
may be helpful in the differential diagnosis 

The electrocai diogi am m acute cor pulmonale (and peihaps other 
instances of enlargement of the light ventricle) apparently lesembles 
the elect! ocaidiogi am in infarction of the posterior wall of the heait, 
except that the T wave in lead IV is upiight 

Digitalis in large doses may affect lead IV, this is seen m the 
elevation of the ST segment and even elevation of the T wave itself 
In the various othei types of caidiac disease lead IV apparently is 
not of gieat value Furthei study, however, may lequire alteiation 
of this point of view 

In the undei standing of the airhythmias lead IV is not necessaiy 
The only exception to this is m regaid to the chest lead which yields 
cuives illustrating paiticulaily auriculai activity It should be empha- 
sized that when defects in intiaventiicular conduction are present, lead 
IV IS usually bizarre and cannot be interpreted in the usual manner 
Two of the numeious othei electi ocardiographic studies^" will be 
reviewed 

Heaid, Buikley and Schaefer obtained electi ocaidiogiams from 11 
human fetuses, using diiect leads The fetuses were from 9^ to 25 
weeks old The electrocai diographic deflections in both the limb and 
the chest lead resembled those of adults Noimal sinus rhythm was 
present in all, although it was interiupted m some cases by vaiious 

17 (a) Heard, J D , Burkley, G G, and Schaefer, C R Electrocardio- 
grams Derived from Eleven Fetuses Through the Medium of Direct Leads, Am 
Heart J II 41, 1936 (b) Hamburger, W W , Katz, L N, and Saphir, O 

Electrical Alternans A Clinical Study with a Report of Two Necropsies, J A 
M A 106 902 (March 14) 1936 (c) Katz, L N , and Robinow, M The 
Appearance of the Electrocardiogram in Relation to the Position of the Heart 
Within the Chest, Am J M Sc 192 556, 1936 (cf) Tigges, F Das Elektro- 
kardiogramm bei Hypoxamie, Ztschr f ICreislaufforsch 28 225, 1936 (e) 

Berliner, K The Effect of Calcium Injection on the Human Heart, Am J M 
Sc I9I 117, 1936 (/) Schwartz, S P Studies on Transient Ventricular 

Fibrillation IV Observations on the Clinical and Graphic Manifestations Fol- 
lowing the Revival of the Heart from Transient Ventricular Fibrillation, ibid 
192 808, 1936 (g) Graybiel, A, and White, P D Complete Auriculo-Ven- 

tricular Dissociation A Clinical Study of Seventy-Two Cases ivith a Note on 
a Curious Form of Auricular Arrhythmia Frequently Observed, ibid 192 334, 
1936 (/i) Delius, L, and Opitz, E Ueber Veranderungen des Elektrokardio- 

gramms hei kforbus Addison, Deutsches Arch f klin Med 178 1, 1936 
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arrhythmias Slight sinus arrhythmia was present m 4 cases Com- 
parison of the conduction time in the human adult with that in the 
fetus shows that in the latter to be only slightly shorter The several 
waves aie described in detail 

Hamburgei, Katz and Saphn have desciibed 2 cases of so-called 
electrical alteinaiis This disorder is extiemely rare, and while it 
may appeal m seveial forms, the underlying mechanism is piobably 
identical m all instances Electrical altei nation is a sign of giar^e piog- 
nostic significance 

CONGENITAL HEART DISEASE 

Aikm^® has presented 6 cases of a congenital aortic anomaly, with 
postmortem obsefvations in 2 cases, consisting of total persistence of 
the right aoitic arch, combined with peisistence of the left aoitic arch 
in the form of the left subclavian aitery, an isthmus stenosis and a 
diverticulum of the aortic aich (left descending dorsal aoitic root) 
The right arch was situated behind the esophagus and the left arch 
in front of the trachea 

Accoidmg to Aikm 

The cases all present characteristic x-ray findings which are (1) a shadow 
to the right of the sternum, running upward to the head -of the right clavicle, 
with a distinct systolic pulsation, (2) slight displacement of the trachea, and 
definite displacement of the esophagus to the left, (3) absence of the normal 
aortic knob on the left side, or only a small shadow of the descending arch on 
the left side, in some cases two aortic knobs, one on each side, (4) in the right 
oblique position the aortic knob lies behind the trachea and esophagus, both of 
which are displaced forward and to the left (most characteristic of all is the 
circular forward displacement of the esophagus by the arch of the aorta) , (5) 
shadow of the diverticulum either m the retroesophageal knob or in the descend- 
ing arch on the left side, (6) in the left oblique position a wide shadow of the 
ascending aorta to the right of the trachea and evidence that the aortic arch runs 
behind the esophagus to reach the left side 

The following clinical signs were found in the six cases (1) dullness to the 
right of the sternum, (2) visible systolic pulsation in the second and third right 
intercostal spaces, (3) palpable, strong pulsation in the right supraclavicular 
fossa, (4) maximum intensitj of the aortic sounds m the region of the head of 
the right clavicle, (5) slight displacement of the trachea to the left, (6) tracheal 
tug, (7) delay in passage of the stomach tube at the level of the third dorsal 
\ertebra, with transmitted pulsation from the arch of the aorta 

Taussig^® has piesented in detail lepoits of 2 cases of congenital 
malformation of the heart due to defective development of the light 

18 Arkin, A Double Aortic Arch with Total Persistence of the Right and 
Isthmus Stenosis of the Left Arch A New Clinical and X-Ray Picture, Am 
Heart T 11 444, 1936 

19 Taussig, H B The Clinical and Pathological Findings in Congenital 
Malformations of the Heart Due to Defectne Development of the Right Ventricle 
Associated n ith Tricuspid Atresia or Hypoplasia, Bull Johns Hopkins Hosp 59 
435, 1936 
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ventricle associated with atresia or hj'^poplasia of the tiicuspid valve 
Foi the first time this congenital abnormality has been coirectly diag- 
nosed ante moitein, and the clinical findings described are sufficiently 
characteristic to deteimine a new clinical syndroine 

A desciiptioii of this abnormality follows 

The central feature in this congenital malformation is the diminutive size 
of the right ventricle The associated malformations can be postulated from the 
fact that the right ventricle does not function The failure of the ventricle to 
function means that neither the tricuspid valve nor the pulmonary valve can 
function, and hence they are either atresic or markedly hypoplastic Furthermore, 
it means that the only way for the blood to escape from the right auricle is 
through some defect m the interauncular septum The extent of this defect 
determines whether the heart functions as a biloculate or triloculate heart 

Clinically, the malformation is associated with persistent C 3 'anosis and no 
murmurs The diagnosis is established through the recognition of the diminutive 
size of the right ventricle This condition can be recognized in the roentgenogram 
by the peculiar outline of the cardiac shadow In the A-P view, because of the 
absence of the pulmonary conus, the upper contour of the cardiac shadow immedi- 
ately to the left of the sternum has a concave instead of a convex outline In 
the left anterior oblique position the small size of the right ventricle is indicated 
by the absence of cardiac shadow anterior to that of the aorta These obser- 
vations are substantiated by the electrocardiagam which shows a left axis deviation 

The differentiation between a functionally biloculate and a triloculate heart 
depends upon the size of the interauncular septal defect If there is free com- 
munication between the two auricles, i e, functionally a biloculate heart, phy- 
sical examination yields no additional positive findings In contrast, when the 
interauncular septum is well formed, it causes obstruction to the outflow of 
blood from the right auricle Under these circumstances, the auricular pulsation 
IS transmitted to the liver and is readily palpable at its margin It is this pulsa- 
tion at the edge of the liver occurring in conjunction with a diminutive right 
ventricle which distinguishes a functionally tnlocu'ate from a functionally biloc- 
ulate heart 

Abbott has published an excellent monograph on congenital cai- 
diac disoideis 

RHEUMATIC HEART DISEASE 

The possible relationship between the hemolytic streptococcus and 
iheumatic fevei is still much under discussion-^ Undoubtedly an 
attack of acute rheumatism is often preceded by infection of the upper 
lespiiatoiy tract with the hemolytic streptococcus After the infection 
of the lespiiatoiy tract there may be a sjunptom-free period of a few 
days 01 weeks before the iheumatic symptoms aie appaient Many 

20 Abbott, M E Atlas of Congenital Cardiac Disease, New York, American 
Heart Association, 1936 

21 Coburn, A F Observations on the Mechanism of Rheumatic Fever 
Lancet 2 1025, 1936 
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investigators have said that they believe this sequence is the rule and 
consider it as partial proof of the intimate if not etiologic role of the 
hemolytic streptococcus This is supported by a large body of immuno- 
logic evidence, which shows theie is often a relationship between 
development and intensity of the immune i espouse to hemolytic strepto- 
cocci and the rheumatic process 

On the other hand, iheumatic fever develops in many patients who 
ha\e no histor}^ of previous infection of any kind and whose serum 
shows no abnormal concentration of streptococcic immune bodies 
Fuithermore, it has been observed clinically and shown experimentally 
that rheumatic fever may be reactivated by events other than strepto- 
coccic infection Without reviewing this subject fuither, it may be 
stated categoiically that the evidence is insufficient to establish a causal 
connection between streptococcic infection and rheumatic fever 

The concept that rheumatic fever may be due to the combined influ- 
ence of vitamin C deficiency and infection is finding little support either 
clinically or experimentally It has, however, stimulated interest in the 
study of vitamin C metabolism in this disease Ciiteria for a diagnosis 
of latent scurvy are being worked out, and the relation of infection and 
fatigue to stoiage and excietion of vitamin C is being investigated 
The recent investigations suggesting that a filtrable virus may play 
an etiologic role in rheumatic fever were reviewed last yeai in some 
detail Swift has pointed out that if a virus were etiologically sig- 
nificant in iheumatic fever but required some synergic influence for 
its activation, this would explain a number of features of the disease 
Here again the whole truth is unknown and must await further study 
The relationship between rheumatic fever and iheumatoid arthritis 
has been ably discussed by Dawson and Tyson This pioblem is dis- 
cussed on the basis of (1) familial relationship, (2) geographic dis- 
tiibution, (3) initiating factois, (4) seasonal incidence, (5) age 
incidence and clinical manifestations in dififeient age periods and (6) 
pathologic similarities and immunologic findings The stiongest evi- 
dence that the two diseases aie intimately related and possibly diffeient 
manifestations of the same fundamental pathologic piocess is found 
in those numei ous cases of a ti ansitional natui e in which it is impossible 
to decide which disease is present Naturally, a final understanding can- 
not be leached until the etiology of both diseases is established 

22 Rinehart, J F An Outline of Studies Relating to Vitamin C Deficienc}’’ 
in Rheumatic Fever, J Lab & Clin Med 21.597, 1936 

23 Swift, H F The Nature of Rheumatic Fever, T Lab & Chn Med 
21 551, 1936 

24 Dawson, M H , and Tyson, T L The Relationship Between Rheumatic 
Feier and Rheumatoid Arthritis, J Lab & Clin Med 21 575, 1936 
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Gross and his co-workers have continued their important studies 
on certain clinicopathologic aspects of rheumatic heart disease Nev 
macroscopic and microscopic data on the dcAelopment of the rheumatic 
lesions in the valves and in their rings, together with a discussion of 
the factors which determine the spread of infection and the localization 
of lesions, have been presented In approximately 66 per cent of 60 
cases of active rheumatic fever there were lesions in the bundle of 
His The natuie of these lesions was discussed The gross and micio- 
scopic peiicardial lesions in 87 cases of active and inactive rheumatic 
fevei weie discussed It was possible to divide the cases into five 
clinical groups, and the pathologic lesions as a whole fell into three 
more or less characteristic histologic pattei ns 

Recent infoiwation regarding the evaluation of rheumatic fe^er has 
changed to an important degree the clinical conception of this illness 
It IS now lecognized that in the acute or subacute stages many struc- 
tures, in addition to the heart and joints, may show manifestations of 
disease Furthermore, it has been shown that in the early decades 
of life a significant degree of rheumatic heait failure is, with few excep- 
tions, due to active disease Consequently, signs of mild infection have 
been carefully sought for and studied Most of the clinical signs have 
long been known but have not received the general acceptance or the 
pioper emphasis they deseive The piactical value of certain laboratorj^ 
tests, especiall}- sedimentation tests of the blood and electrocardiogiaphy, 
aie well established 

A symptom sometimes difficult to evaluate in children is pain in the 
legs Shapiro has attempted to differentiate between rheumatic and 
nonrheumatic pain on the basis of clinical observation It was found 
that rheumatic children with pam in the legs usually point to the joints 
as the location of the maximum pam, at one time or another all the 
extremities are involved, the patients complain mostly during the day, 
especially on first arising, the pam is intensified on motion, theie is 
difficulty in walking, and a limp is frequently noted On the other 

25 Gross, L, and Fnedberg, C K Lesions of the Cardiac Valves in Rheu- 
matic Fever, Am J Path 12 855, 1936, Lesions of the Cardiac Valve Rings in 
Rheumatic Fever, ibid 12 469, 1936 Gross, L, and Fried, B M Lesions in the 
Auriculoventricular Conduction System Occurring in Rheumatic Fever, ibid 12 
31, 1936 Fnedberg, C K , and Gross, L Pericardial Lesions in Rheumatic 
Fever, ibid 12 183, 1936 

26 Bourne, G Acute Rheumatic Meningitis, Brit M J 2 1017, 1936 
Wolffe, J B , and Brim, C J The Abdominal S 3 mdrome of Rheumatic Disease 
in Childhood, Am J Dis Child 52 296 (Aug) 1936 Coburn, A F, and Kapp, 
E M Observations on the Development of the High Blood Sedimentation Rate 
in Rheumatic Carditis, J Clin Investigation 15 715, 1936 

27 Shapiro, M J The Natural Histor 3 ' of Childhood Rheumatism m Min- 
nesota, J Clin & Lab Med 21 564, 1936 
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hand, nonrheumatic children with pains in the legs locate the pam in 
the muscles of the leg and are unable to define any point of maximal 
discomfort, the upper extremities aie rarely involved, the children 
complain chiefly after going to bed and sometimes awake ciying two 
or three houis after going to sleep, and motion, massage and heat 
cause the pain to disappear 

Bland, Jones and White “ have studied 1,000 young patients ivith 
the physical signs of rheumatic valvular heait disease duimg the first 
ten years after the onset of rheumatic infection and have obseived a 
1 egression of these signs in a considerable number and a total disap- 
pearance of all clinical evidence of cardiac disease in 83 In a few 
instances cardiac dilatation during the stage of acute rheumatism may 
have been responsible for the murmurs heard, and the decrease in the 
size of the heart during lecovery may have been lesponsible foi their 
disappearance These authois never observed the disappearance of 
eithei a ver}'' loud diastolic murmur ending in a loud ciescendic pie- 
systolic loll or a loud aortic diastolic murmur when the peiipheral 
circulatory signs of free aortic reguigitation were piesent 

Regarding the treatment of active rheumatism and its manifesta- 
tions, the chief interest at present is in fever theiapy-® This inteiest 
began a few years ago by a chance obseivation A child sufitering from 
choiea was given phenylethylhydantom foi sedation A typical reac- 
tion developed, with a rash and fever Surprisingly, the choieiform 
movements disappeared in a short time It was soon discoveied that 
the essential factor was the rise in tempeiature Many hundreds of 
patients wnth chorea have now been treated with some form of fever 
therapy According to the published lesults, the course of the chorea 
can be greatly shortened Apparently only larely does a patient fail 
to respond to this treatment, and unfavorable effects have been negli- 
gible 

Now chorea is a symptom and is associated with othei symptoms 
of active rheumatic infection in all save a small peicentage of cases 
Consequent!)'’ the effect of fever therapy on rheumatic caiditis also 
was necessarily obseived Reports indicate that the piesence of sub- 

28 Bland, E F , Jones, T D , and White, P D Disappearance of the 
Ph 3 Sical Signs of Rheumatic Heart Disease, JAMA 107 569 (Aug 22) 1936 

29 Sutton, L P , and Dodge, K G Fever Therapy in Chorea and in 
Rheumatic Carditis With and Without Chorea, J Lab & Chn Med 21 619, 1936 
Neymann, C A , Blatt, M L, and Osborne, S L The Treatment of Chorea 
Minor by Means of Electropyrexia, JAMA 107 938 (Sept 19) 1936 Bar- 
nacle, C H , Ewalt, J R, and Ebaugh, F G Artificial Fever Treatment of 
Chorea Preliminary Report, ibid 106 2046 (June 13) 1936 Weisman, D , and 
Leslie, C Treatment of S 3 'denham’s Chorea with Typhoid Parat 3 ^phoid Vaccine, 
New York State J Med 36 1587, 1936 
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acute rheumatism is not a contraindication to this treatment In fact, 
there is suggests e e\ idence that the fe\ er has a beneficial eftect not 
only on the chorea but on the rheumatic carditis itself Undoubted!} 
there ^MlI be much further in\ estigation along this line At present 
the experience with fever therapy m actne rheumatism apart from 
chorea has been too limited to allow an} conclusion to be drawn 

■Marmesco and his co-w orkers have made a careful clinical and 
anatomic stud} of a patient w ith choree molle or ‘ bmp chorea ” An 
abstract of the case report follows 

A girl aged 15 jears began to complain of in\oluntarj ino%ements of the hands 
ele\en months after an attack of acute poK articular rheumatism Her illness was 
rapidl\ aggravated, and within a month she could neither walk nor talk, because 
of involuntarv movements which involved most of the skeletal muscles This 
was soon followed bv' a paral.vtic state (“limp chorea ) which was associated 
V ith severe toxic infection and acute endocarditis The reflexes, which had been 
normal disappeared, and the patient graduallv went into coma and died Xecropsv' 
revealed mitral endocarditis, various lesions in the central nervous svstem and 
marked degenerative changes in the muscles It was thought that the hvpotonia 
or parahsis was not due to lesions in the nervous sjstem but probabh to lesions 
in the muscles themselves 


BACTERIAL ENDOCARDITIS 

"W'elch, Murdock and Ferguson used a anous methods to produce 
tabular lesions in rabbits with streptococci of the alpha or beta t}pes 
wdiich have the abiht}' to show' a diphtheroid-like phase on suitable 
mediums Of the 35 rabbits tested 7 showed lesions on the cardiac 
valves which resembled grossl} and microscopically, the vegetations 
seen in subacute bacterial endocarditis in human beings These lesions 
were all on the left side of the heart, and all revealed short chains of 
streptococci and diphtheroid-hke forms Twelve of the 35 animals 
show ed neither gross nor microscopic lesions on the cardiac v ah es , the 
remaining 16 showed lesions on the mitral or aortic valves that did 
not resemble the hpical lesions of subacute bacterial endocarditis 
These lesions were about 1 mm in diameter and reddish and occurred 
along the line of closure or nearer the bases of the valves Microscopic 
study rev ealed a few red blood cells and a few strands of fibrin adherent 
to the endothelium, which was swollen and in some instances broken 
There was a mild cellular reaction but suitabh stained sections did not 
show bacteria These nonbacterial lesions were thought to be caused 
b} the streptococci which were injected into the rabbits and to represent 
the initial stage in the dev elopment of subacute bacterial endocarditis 

30 :Marinesco G , Draganesco, S , Axente S , and Bruckner, I Etude 
anatomo-clmique d’un cas de choree molle Ann de med. 40 397, 1936 

ol elch, H , Ivlurdock, T P , and Ferguson, J A Subacute Bacterial 
Endocarditis Produced in Rabbits with Streptococci That Resemble Diphtheroid-: 
J Lab &. Chn Hed 21 1264, 1936 
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Cornil, Mosinger and Jouve^^ made a careful histologic stud} of 
an Osier node removed twenty-foin hours after its appearance in a 
case of t}pical subacute bacterial endocaiditis They confirmed the 
view that these nodules are not embolic phenomena but the fusion of 
a series of small inflammatory lesions involving the minute vessels and 
the surrounding tissues 

Riesman, Kolmer and Polowe reported 4 cases of subacuate bac- 
terial endocarditis in which splenectomy was performed In each 
instance the operation w'as well borne, and the authors said they felt 
sure that life was prolonged and made more comfortable It is sug- 
gested that this proceduie be given consideration in the symptomatic 
treatment of this disease In the discussion of this paper at the meet- 
ing of the Association of American Physicians, Lord Horder said he 
felt that there \vas no justification for such treatment 

ARTERIAL HYPERTENSION 

The question of hyperepinephnnemia and hypertension has received 
renewed consideration Kure and his co-workers found that stimu- 
lation of the splanchnic nerves m dogs always causes an increase in 
blood pressure and hyperepinephnnemia These two effects usually iiin 
parallel but occasionally they are separated, that is, the rise in blood 
pressure may be considerable yet the hyperepinephnnemia may be slight, 
or vice versa They argued that in their experiments the increase m 
blood pressure even wuth slight hyperepinephnnemia must have been 
related to the adrenal glands, because all other structures which might 
ha^e released a pressoi substance weie cut out of the circulation They 
attempted to explain this phenomenon on the basis of experiments by 
Rusznyak and Szent-Gyoigyi, who have shown that the pressor sub- 
stance elaborated by the adrenal glands is not epinephrine itself but 
Its precursor novo-epmephnne This epinephrine ester has a far stronger 
pressor action than epinephrine Thus, if it remains unsplit for some 
time, such a circumstance could explain the rise m blood pressure, with 
only slight hyperepinephnnemia, because epinephrine combined with 
lipoids probably is not detectable as epinephrine Kure and his associates 
said the} believe that hyperfunction of the adrenal glands cannot be 
ruled out as the cause of hypertension simply because hyperepineph- 
rinemia is not found 


32 Cornil, L , Mosinger, M , and Jouve, A X Contribution a I’etude histo- 
logique du nodule d’Osler, Ann d’anat Path 13 675, 1936 

33 Riesman, D , Kolmer, J A , and Polowe, D Splenectomy in Treatment 
of Subacute Bacterial Endocarditis, Am J M Sc 192 475, 1936 

34 Kure, K , Okmaka, S Ohshima, K , Shimamoto, T , and Okamura, D 
Blutdrucksteigerung bei Nebenmerenreizung und Hyperadrenalmamie, Klin 
Wchnschr 15 477, 1936 
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Pickering and Kissin presented evidence against the view that 
essential hypertension and chronic nephritic hypertension are due to 
hyperepinephrinemia They found the susceptibility of the minute facial 
vessels to epinephrine and their ordinarily dilated state in essential and 
their sometimes unconsti icted state in nephritic hypertension facts which 
do not reconcile with the view that the raised blood pressure is due to 
hyperepinephrinemia In regard to the claim that patients with chionic 
nephritic hypertension are abnormally sensitive to epinephrine, they 
found nothing in their tests to support this view 

Pickering observed the changes in the ai terial blood pi essure 
pioduced in anemic subjects by transfusion of blood from patients with 
essential hypertension These changes were found to be slight and no 
greater than those produced by transfusion of an equal value of normal 
blood He said he feels that this result is opposed to the idea that the 
raised blood pressure in essential hypertension is due to excess of 
pressor or deficit of depressor substances in the circulating blood 

In considering the relationship between renal disordeis and hypei- 
tension, it is of the greatest significance that permanent arterial hyper- 
tension may be produced experimentally in dogs by renal ischemia 
without mateiial decrease in renal function In experimental hypertension 
Wood and Cash find that the rise in blood pressure is not pro- 
portionate to the degree of i enal insufficiency and that marked hyperten- 
sion does not necessarily accompany even severest insufficiency Thus, 
while hypertension is in some way related to reduction or alteiation of 
renal tissue, it is largely independent of renal function Thus far there 
has been no explanation of the exact mechanism by which this hyper- 
tension results It IS probably of chemical oiigin, because it has been 
shown experimentally that the renal nerves play no pait m its production 
This view has received support from the clinical studies of Pickering 
He has shown that not only in chronic nephritis but in essential hyperten- 
sion the factor causing vasoconstriction is non-neivous On the other 
hand, the temporary hypertension associated with acute nephritis is 
probably of nervous origin in most cases 

The controveisy still goes on regarding the role of the pituitaiy 
gland in ai terial hypertension Maranon and Domenech,®® from data 

35 Pickering, G W , and Kissin, M The Effects of Adrenaline and of Cold 
on the Blood Pressure in Human Hypertension, Clin Sc 2 201, 1936 

36 Pickering, G W The Effect of Introducing Blood from Patients with 
Essential Hypertension into Other Human Subjects, Clin Sc 2 185, 1936 

37 Wood, J E, and Cash, J R Experimental Hypertension — Observations 
on Sustained Elevation of Systolic and Diastolic Blood Pressure in Dogs, J Clin 
Investigation 15 543, 1936 

38 Pickering, G W The Peripheral Resistance in Persistent Arterial Hyper- 
tension, Clin Sc 2 209, 1936 

39 Maranon, G , and Domenech, F Variations of Blood Pressure in Diseases 
of the Hypophysis, Brit M J 2 851, 1936 
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the\ collected, made the categoric statement that the hypophysis has 
notiimg to do mth the regulation of hlood pressure Howevei, they 
immediately went on to sa} that in Cushing’s disease the high pressure 
may be explained by the concunent hypei function of the adrenal glands 
Tores Mas equally emphatic in saying that ovei production of the 
adrenotropic hoimone of the anterior lobe of the pituitaiy gland is 
the cause of the inci eased blood piesstiie in essential hypei tension This 
Meiv IS based on the discover} of a substance in the serum of hypei - 
tensue persons ivhich calls forth alteiations similar to those of the 
adrenotropic hoimone of the hypophysis and w^hich has similai chemical 
chai actei istics 

For some time the cold piessoi test has been used for measuiing 
the reactibihty of the blood pressure On the basis of this test Hines and 
Bio\vn “ have divided all subjects with normal blood piessuie levels 
into Uvo gioups (1) those with “noimal” oi minimal reactions and 
(2) those with “abnoimal” or excessive reactions They said they 
believe that essential hypertension aftects only those m the second gi oup, 
and the transition has been observed in 3 cases It is pointed out, how- 
ever, that essential hypertension may not affect all hyperreactors 
Pickering and Kissin,®® on the basis of a small senes of observations, 
were unable to confirm the view that a lelatively great rise of blood 
pressure in i espouse to a cold stimulus is peculiar to potential oi acquned 
essential hypertension 

In legal d to the tieatment of arterial hypertension, the chief interest 
still centeis in the various opeiative proceduies^^ These procedures 
ha\e as their basis either the reduction of the activity of the adrenal 
glands or the sympathetic deneivation of a laige vascular aiea or both 
The evidence that the adienal glands play a significant role in arterial 
hypertension is inconclusive except, of course, in the case of pleo- 
chromatic tumors of the glands, the evidence that abnormal nervous 
vasoconstriction is a factoi in causing abnoimally high blood pressure 
IS likewise inconclusive, save in lare instances In fact, the mam body 

40 Jores, A Die Bedeutung der Hypophyse fur die Entstehung des Hoch- 
druckes insbesondere der essentiellen Hypertonic, Klin Wchnschr 15 841, 1936 

41 Hines, E A, and Brown, G E The Cold Pressor Test for Measuring 
the Reactibilitv of the Blood Pressure Data Concerning Five Hundred and 
Se\enty-One Normal and H^pertensl\e Subjects, Am Heart J 11 1, 1936 

42 (a) Heuer, G J The Surgical Treatment of Essential Hypertension, Ann 

Surg 104 771, 1936 (6) Adson, A W , Craig, W M , and Brown, G E 

Surgerj and Its Relation to Hypertension, Surg, Gynec & Obst 62 314, 1936 
(c) Smitlnvick, R H The Value of Sympathectomy in the Treatment of Vascu- 
lar Disease, New England J Med 216 141, 1936 (d) Ritch, C O Urologic 

Lesions Masked as Essential Hypertension, Illinois M J 70 74, 1936 (e) Rocli, 

M , ifartin, E, and Sciclounoff, F Les injections intravemeuses de solutions 
glucosecs Im pertomques , leur action et leur emploi chez les brightiques luper- 
tendus, Ann de med 39 286, 1936 (/) Palmer, R S The Efficacy of Medical 

Treatment in Essential Hypertension, New' England J Med 215 569, 1936 
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of evidence strongly suggests that in chronic nephritic and essential 
hypertension the high blood pressure is of nonneivous oiigni As Pickei- 
ing has pointed out, although there is little doubt that vasocoiisti ic- 
tion of neivous origin does constitute a considerable fi action of the 
peripheral resistance in permanent hj* pertension, just as it does in 
normal subjects, it probably does not constitute the abnormal factor 
responsible foi the raised aiterial pressure If this is tiue, resection of 
the splanchnic nerves, for example, would lower the blood pressure 
simply by abolishing the normal nervous vasoconstrictor tone to a large 
vascular area However, as Phemister has emphasized, the excision of 
normal stiuctures, with abolition of normal physiologic processes, should 
not cuie disease as does excision of pathologic stiuctures This is 
emphasized by the fact that the decrease in vascular tonus consequent 
to the destiuction of sympathetic innervation is largely legained eithei 
by regeneiation of the nerves or by the increased susceptibility of the 
denervated vessels to circulating hormones and possibly to other pressor 
bodies 

These consideiations have been borne out faiily well in clinical 
practice Heuer,^^^ in a carefully studied group of hypertensive patients, 
reported that section of the anterior loots cannot be expected to cause 
a permanent reduction of more than 25 per cent of the preexisting 
systolic and (^lastolic blood pressures When the initial pressure is 
laised not far above normal, this operation may reduce it to within the 
normal range, but if the initial pressuie is veiy high, a 25 per cent 
reduction is less significant Symptomatic improvement, however, is 
usually marked Heuer’s results with section of the anterior roots 
are a little better than those of Adson,^’*’ probably owing to better selec- 
tion of patients, as the latter has pointed out 

Heuer’s results with resection of the splanchnic nerves were dis- 
appointing, although Adson and Smithwick were encouraged with 
their results and said that it is the proceduie of choice Further obser- 
A'^ations will be necessary to evaluate the surgical treatment of permanent 
hypertension In general, the results are disappointing The fact that 
some patients benefit considerably indicates that a proper selection of 
patients might yield encouraging results 

CORONARY HEART DISEASE 

Angina Pectous — Essex and his co-workeis^^ have described an 
interesting senes of obseivations on the flow in the coronal y arteries 
in the the intact dog in response to a variety of stimuli, such as drugs, 
food and exercise After a Rem thermostromuhr unit had been fixed 
around the circumflex artery, tests were made over periods as long as 

43 Essex, H E , Herrick, J F , Baldes, E J , and Mann, F C Blood 
Flow in the Circumflex Branch of the Left Coronary Artery in the Intact Do«- 
Am J Physiol 117 271, 1936 
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fourteen da}S Ever} eftort was made to detennme the blood flow 
under as nearly normal conditions as could be devised As a rule, the 
animal took food and water, ran about the laboratory and behaved 
in such a manner that a casual observer would not suspect the presence 
of the unit in the thorax 

Determinations of the blood flow weie made on the quietly resting 
dog, and in a number of instances daily values were obtained that fell 
within the experimental error of the method (10 per cent) Epinephrine 
caused a transient augmentation in flow fiom two to four times the 
control values, the augmentation did not last longei than se-ven minutes 
in any of the tests, and, as a rule, the major effect terminated three 
minutes after the injection, thus paralleling the known effect of doses 
of epinephrine on the blood pressure of the dog 

Repeated observations indicated that glyceryl trinitrate in intiavenous 
doses of 0 22 mg resulted in a temporary increase in coi onary blood 
flow, which at its maximum was about twice the control value How- 
ever, the increase was of short duration, since it usually w'^as ovei four 
or five minutes after the injection Within two minutes aftei the 
inhalation of amyl nitrite the coronary flow inci eased to about twice 
the control value Although the animal continued to bieathe the drug, 
the blood flow did not remain at twice the control level for moie than two 
minutes, wdien it declined to a value from 20 to 30 pei cent above the 
control In one experiment a second ampule was administered six 
minutes after the effect of the first ampule had been dissipated Only a 
slight elevation in coronal y blood flow followed, which cleaily indicated 
that the dog is refractory to a second dose given too soon aftei the 
first dose 

In response to appiopiiate doses of thyroxin, increases of coronary 
flow as gieat as 244 per cent above the control values were obseived 
fiom forty-eight to nmety-six hours after the injection was given An 
increase of coronary flow of as much as 84 per cent was obseived 
during the digestion of food 

The effect of exercise on coronary blood flow was especially interest- 
ing When the exercise was begun there was an immediate rise m 
coronal y flow, which attained maximal values in about five minutes, 
after which it giadually subsided to a much lower level m the succeeding 
five minutes The flow lemained relatively steady at the lower level 
until the amount of exercise was increased, wheieupon the flow again 
rapidly increased for about five minutes, aftei which it declined to a 
lower level, but remained above the second level i cached during the 
previous increment in exercise When exercise was stopped the flow 
rapidly fell to or below the values for controls 

The results of these studies are in general accoid with those pievi- 
ously reported but have especial importance because of the less abnormal 
experimental conditions 
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Mainzer and J osephthal haA^e undei taken a comprehensive con- 
sideration of the lules governing the 'localization and radiation of 
pain in angina pectoris They began with some well known facts , they 
pointed out that anginal pain is characteristically located behind the 
steinum or in the piecordial legion, that the pain commonly radiates to 
the left and less commonly to the right, that the ladiatmg pain may 
appeal a little befoie the discomfort in the cardiac area, that m general 
the attacks are similar m a given person but dissimilar in various patients 
and that the radiation is frequently dependent on the stiength of the 
attack, a weak attack causing slight substernal pain, a strongei attack 
causing substernal pain with radiation to the left arm and a still stronger 
attack causing substernal pain with radiation to both arms 

These remarkable characteristics of the radiation have been dis- 
cussed by Danielopolu He showed, on embiyologic giounds, that the 
left side of the heart is supplied chiefly by left-sided neives and the 
light side of the heart by iight-sided nerves Hence, m ischemia of 
the left side of the heait any radiation of the pain should be to the 
left, and the gi eater frequency of left-sided radiation coincides with 
the greater incidence of left-sided coronary sclerosis Danielopolu 
said he considers that an anginal attack which m the beginning calls 
out radiation of pain to the left and later, with increasing intensity, 
also to the light, may be explained by a jumping over of the stimulus 
from the left to the right side m the spinal cord Other investigators 
have suggested different possibilities, and each has suppoited his view 
with clinical observations 

Fundamental to Mainzer and Josephthal’s investigations are the 
facts that the largei part of the left ventricle, especially m its entire 
anterior wall, is supplied with blood by the left coronary artery, 
whereas the light coronary artery supplies the greater part of the 
right ventricle and a portion of the posterior wall of the left ventricle 
Theiefore, if the seat of musculai injury is important in determining 
the radiation of anginal pain, it would be expected that circulatory 
disturbances involving the left coronary artery would be associated with 
radiation of pain to the left, while circulatory disturbances involving the 
right coronary artery would be associated with radiation of pain to the 
right 

A carefully selected group of patients with angina pectoris were 
studied and classified as having pain with a central localization or with 
light-sided or left-sided radiation or both, and the electrocardiograms 
were classified as revealing an injury in the anterior or in the posterior 
wall or of indefinite localization To the authors’ 39 cases were added 
1 eports of 38 more by authors who made similarly careful observations 

44 Mainzer, F , and Josephthal, F Ueber die Lokalisation und Ausstrahlung 
des Angina pectons-Schmerzes, Acta med Scandmav 89 329, 1936 
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The accompanying table gives the combined figuies The lesults are 
obMously discordant and reqtiiie explanation The thought that the 
localizing possibilities of the electrocardiogram weie overvalued is 
inadmissible That this is not the case is shown by the general agree- 
ment with the observations of Buchner, Weber and Haager, whose 
studies ^^ere anatomically controlled Mainzer and Josephthal said they 
feel that the true explanation lies in the consideration of the differences 
betiieen coronary insufficiency of the right and of the left ventricles 
In most patients with angina pectoiis there is significant hypertrophy 
of the left ventricle due to previous or present arterial hypertension 
Now the discrepancy between the maximal coronary flow to a normal 
muscle mass and a pathologically increased muscle mass is a decrease in 
ilow to the latter, the maximal diameter of the coronary vessels is set 
once and for all With the development of coronary arteriosclerosis, 
the relative functional insufficiency of the left ventricle becomes marked 
indeed This is true to such a degree that even in predominant disease 
of the right coronary artery it is the overworked and hypertrophied 
left ventricle which comes to harm through the functional inter- 
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dependence of both circulatory territories This explanation is in full 
agreement with the anatomic findings, not only in all cases of arterio- 
sclerosis of the left coronary artery and of the narrowing of the mouths 
of both coronary arteries by syphilis but also m all cases of anatomic 
stenosis of the right coronary artery, the myocardial lesions he in the 
region of the left ventricle In those anginal attacks in which the 
progressive radiation of the pain depends on the strength of the attack, 
it is explained that with increasing intensity of the attacks the ischemic 
area extends to a location which will provoke the particular radiation 
observed 

There is little new to discuss concerning the treatment of angina 
pectoris Of the various operative procedures, injection of alcohol 

45 Beck, C S Further Data on Establishment of a New Blood Supply to 
the Heart by Operation, J Thoracic Surg 5 604, 1936 Kerr, H H Results 
of Superior Cervical Sj’mpathectomy in Angina Pectoris, South Surgeon 5 365, 
1936 Feinbcrg, S C Treatment of Coronary Artery Disease by Intravenous 
Injections of Hypertonic Saline Solution, Am J M Sc 191 410, 1936 Barach, 
A L , Richards, D W , and Parsons, W B Oxygen Treatment and Thyroid 
Ablation in Treatment of Heart Disease, Ann Int Med 9 1453, 1936 
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into the communicating lami of the upper dorsal sympathetic neives 
continues to be the most satisfactory 

Coionmy Thi ombosis—Shhggevs and Gieen"« have expei imentally 
investigated the effectiveness of drugs on collateral flow after experi- 
mental coronary occlusion in dogs They have pointed out the many diffi- 
culties attending this problem Observations of changes m color or 
compaiison of size of infaicts without and with the use of a drug are 
subject to too many contingencies to have certain value Testing the 
effects of diugs on coionary outflow or inflow does not test the response 
of collateral vessels, and it ignores the hemodynamic alterations lesult- 
ing from occlusion of the mam branch 

Attempts were made to establish a reliable criteiion for determining 
changes in collateial coronary flow Measuring blood flow from the 
distal end of a cut coronary artery was deemed too hazardous a method, 
both because the blood need not have passed through the mfarcted aiea 
and because of the difficulty in legistermg the minute changes in flow 
During the early phases of their work these authors saw no leason 
for questioning the view geneially held that the pressure in the peiiph- 
eral end of a cut coronary vessel represents the pressure transmitted 
through vaiious collaterals and that it constitutes the pressure head 
for collateial coronary flow However, it was shown in another study 
that this peripheral coionary pressure is due not to tiansmission of 
waves of arterial pressure but to the compressing action of the ventiicle 
on intramural vessels and theiefore does not seive as an index of col- 
lateral coronary flow 

The supposition was then consideied that changes m the rate of 
coionary inflow of a perfused arteiy of the intact heart can be used 
as a cnteiion not only of changes in the flow thiough its distributing 
intramuial branches but of changes in collateral supply as well It was 
believed at fiist that changes m vascular resistance induced by drugs 
could piobably be referied solely to vascular changes, because the 
ischemic region studied was not contracting Other studies showed, 
however, that peripheral coronary resistance is increased just about as 
much when the area is stretched by the force of intraventricular tension 
as when tension develops through its own contraction Thus, while 
this method is unsuitable as a criterion for determining alterations of 
collateral flow alone to an ischemic area following the use of drugs, 
It does offer a criterion of the changes m lesistance to flow which are 

46 Wiggers, C J , and Green, H D The Ineffectiveness of Drugs upon 
Collateral Flow After Experimental Coronary Occlusion in Dogs Am Heart T 
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the result of Aasomotor and extiavasculai effects which inescapably 
operate together Since the conditions resemble those following coro- 
nary occlusion in man, this method is of considerable practical impor- 
tance 

It Mas found that diugs of the theobromine and theophylline group 
and alcohol, Mdnch cause insignificant changes m mean arteiial piessure, 
have a negligible effect on flow through an ischemic region The nitrite 
group, which causes a fall in mean arteiial pressure, produces a slight 
decrease in coronary resistance within the ischemic area This is 
probably due to decrease m extra-arteiial compression of coronaiy ves- 
sels folloMung loivered aiterial pressure, with decrease in the stielch 
of the ischemic area, lather than to dilatation of the vessels in this aiea 
In any event, this slightly beneficial effect is more than offset by the 
loweimg of piessuie m other branches from which collateial flow could 
be derived Pressor drugs, such as epinephrine, increase resistance to 
inflow in the ischemic aiea, if these drugs exert a dilating vascular 
action, it is overpowered by a greater extravascular pressure in the 
intact heart The effect of 5 to 10 per cent carbon dioxide with oxygen 
was negligible, but in three experiments partial asph 3 '-xiation caused a 
slight decrease m minute flow each time 

The problem of collateral flow M^as attacked from yet another stand- 
point It was shown previously, by means of myographs, that the 
muscular area supplied by the ramus descendens ceases to contract and 
vigorously expands within about one minute after occlusion of this 
artery Now if a drug acts to increase significantly the collateial blood 
supply. Its injection from one to two minutes after occlusion should 
cause some amehoiation of the systolic muscular expansion and per- 
haps some sign of contractile recovery, such as promptly follows 
unclamping of the main artery The results obtained show that the 
abolition of contraction after occlusion of the lamus descendens is not 
modified in the least by inhalation of oxygen, carbon dioxide or amyl 
nitiite or by therapeutic intiavenous doses of various theophylline 
pieparations, nitrites, adenylic acid or epinephrine 

The general conclusion is reached that under the experimental con- 
ditions described the collateral blood supply to an ischemic area can- 
not be significantly improved by the use of any drug We feel that 
these experiments extend consideiably the knowledge of rational treat- 
ment of acute cardiac infarction Certainly clinical observations in 
most cases are m agreement Wliether these results are equally 
applicable to instances of sudden occlusion of small coronary arteries 
or to the gradual occlusion of larger ones requires further consider- 
ation For example, the partial or complete relief of pain in some 
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instances of cardiac infaiction following the use of vasodilating diugs 
has been held generally to indicate a favoiable effect This might be 
accomplished either by increasing the coionaiy flow m the infaicted 
area or by decreasing the work of the heart , but m either event the 
lesult would be beneficial 

Meanwhile, clinical experience continues to show the value of vaso- 
dilating drugs for occasional patients who suffer from paioxysmal 
angina pectoris The mechanism by which this salutary effect occuis 
and the t3^pe of patient who is likely to lespond favorably have not 
been made clear 

Theie have been a laige numbei of clinical lepoits concerning 
vaiious aspects of coronary thrombosis, of which only a few can be 
listed hei e An excellent monograph on diseases of the coronary 
arteiies has been published undei the editoiship of Levy'*® 

MISCELLANEOUS CARDIAC DISORDERS 

Amyloidosis — There have recently been lepoited a number of cases 
of myocardial amyloidosis^® The heait may be affected as part of a 
widespiead piocess, or it may be the chief oigan involved Only larely 
IS the cardiac involvement sufficient to produce congestive failure 
The diagnosis is extremely difficult duiing life, especially in the idio- 
pathic variety, which is not associated with preceding or concurient 
chionic disease 

Nonbacterial Thi ombotic Endocarditis — Gross and Fiiedberg have 
described in detail the clinical and pathologic features in 47 cases of 
nonbacterial thrombotic endocaiditis They have classified their cases 

47 Edeiken, J , and Wolferth, C C Persistent Pam in the Shoulder Region 

Following Myocardial Infarction, Am J M Sc 191 201, 1936 Shookhoff, C , 

Douglas, A H , and Rabmowitz, M A The Sedimentation Time m Acute 

Cardiac Infarction, Ann Int Med 9 1101, 1936 Goodrich, B E, and Smith, 

F J Nonfilament Leukocyte Count After Coronary Artery Occlusion, Am Heart 
J 11 581, 1936 Blumer, G Pericarditis Epistenocardica, JAMA 107 178 
(July 18) 1936 Raab, A P , and Rabmowitz, M A Glycosuria and Hyper- 
glycemia m Coronary Thrombosis, ibid 106 1705 (May 16) 1936 

48 Levy, R L Diseases of the Coronary Arteries and Cardiac Pain, New 
York, The Macmillan Company, 1936 

49 Kerwm, A J Idiopathic Amyloid Disease of the Heart, J Lab & Clin 
Med 22 255, 1936 Ferris, H W Amyloidosis of Lungs and Heart, Am J 
Path 12 701, 1936 Perla, D, and Gross, H Atypical Amyloid Disease, ibid 
11 93, 1935 Reimann, H A , Koucky, R F, and Eklund, C M Primary 
Amyloidosis Limited to Tissue of Mesodermal Origin, ibid 11 977, 1935 

50 Gross, L, and Fnedberg, C K Nonbacterial Thrombotic Endocarditis 
Classification and Geneial Description, Arch Int Med 58 620 Oct) 1936 
Fnedberg, C K , and Gross, L Nonbacterial Thrombotic Endocarditis Associ- 
ated with Acute Thrombocytopenic Purpura, ibid 58 641 (Oct ) 1936 
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into fi\e groups and ha^e piesented the distinguishing features of 
each This disorder is vie-\\ed by them as an accidental occurrence m 
the course of any fatal disease and as without appreciable significance 
Its de^elopment is usually dependent on pievious rheumatic damage to 
the caidiac valves, but occasionally it may be dependent on some toxic 
agent vhich appears to ha^e a special predilection for endothelial struc- 
tures 

Pellagia — Fed has stated that acute pellagra is frequently asso- 
ciated ^^lth cardiovasculai symptoms, including dyspnea, palpitation, 
tachycardia, feeble heart sounds and slight edema in some instances 
The electrocaidiogram was abnormal in 19 of the 38 cases studied, 
and in onty 4 of the 19 was theie any complication which might have 
been a factor in causing the electrocardiographic alterations Although 
manifestations of cardiac disorder in pellagra aie common, they are 
not as a rule seveie 

Typhus Fevc ) — Heizog and Rodiiguez systematically investi- 
gated the pathologic changes in the heart in 103 cases of typhus fevei 
during the last epidemic in Chile Whereas macroscopically, save in a 
few instances, theie were no detectable changes save dilatation of the 
left ventricle and flabbiness of the cardiac muscle, microscopically, 97 
pel cent of the patients showed specific, disseminated, mostly focal 
interstitial myocaiditis These lesions were carefully studied and 
described A special investigation of the conduction system revealed 
little abnoimality, and this was home out by electrocardiographic 
studies The authors did not include a clinical description of the 
patients, but they stated that the severity of the heart failuie paralleled 
the pathologic pictuie 

Caihon Monoxide Poisoning — Kioetz has emphasized the cardiac 
signs and symptoms of carbon monoxide poisoning These cardiac 
symptoms have been little noted, partly because of the prominence of 
other S}mptoms and paitly because rescue workers are rarely trained 
observers 

Palpitation is the most remaikable circulatory symptom and is 
found without exception after this type of poisoning According to 
Lewm, m the teirific explosion at Lengherydd, Wales, which resulted in 
the death of 440 mineis, many of the rescue crew had such marked 

51 Fell, H A Clinical Study of the Electrocardiogram and of the Phases 
of Cardiac S\ stole in Pellagra, Am Heart J 11 173, 1936 

52 Herzog, E , and Rodriguez, H Die Beteiligung des Myocards beim 
Fleckfieber (Myocarditis exanthematica), Beitr z path Anat u z allg Path 
96*431, 1936 

53 Kroetz, C Herzschadigungen nach Kohlenoxydvergiftungen, Deutsche 
med Wchnschr 62 1365, 1936 
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palpitation that it was heard by then coiniades and mistaken for the 
knocking of the entombed mmeis 

Distuibances of ihythm frequently, but not always, accompany the 
palpitation The heart rates of pieviously healthy persons aie found 
to be between 100 and 140 a minute, and this tachycardia is followed 
m a few days by biadycardia, often associated with high grade auriculo- 
\entriculai block 

Pain of an anginal chaiactei, with typical radiation, may appeal if 
the inhalation of gas does not lead to unconsciousness This is often 
masked by othei complaints, including cough, suftocation and pain in 
the legion of the diaphiagm and in the back In some instances actual 
pain may be absent, but theie may be a feeling of injuiy in the heart 
Kioetz has pointed out that anginal pain may be piesent without the 
typical pictuie of caibon monoxide poisoning, which may be lacking 
because of the accompanying severe cii dilatory shock There may be 
toxic myocarditis, which is declared by caidiac dilatation, by lowering 
of the blood pressuie and by alteiation in the heart sounds, rate and 
1 hy thm 

The electiocaidiographic alteiations, which weie long thought to 
be exceptional, are regular, reliable and difterentially valuable signs 
These alteiations aie more significant and usually outlast the clinical 
caidiac S 3 ^mptoms They include abnormalities of the P wave, pio- 
longation of the auriculoventiicular conduction time, intraventi icular 
block and alterations in the ST segment and T wave suggesting coronary 
disease 

The Athletic Heait — Kiich has added to his pievious detailed 
studies concerning the possibility of leal hypei trophy of the heait conse- 
quent to prolonged athletic training He has said that he feels that this 
problem cannot be satisfactorily detei mined by clinical investigation 
only but that it must be correlated with painstaking anatomic obsei- 
vations The material chiefly consisted of the heaits of 9 athletes who 
died suddenly between the ages of 15 and 25 They had all been 
healthy previously and without cardiac complaints Painstaking 
anatomic studies were made, including weighing the cardiac chambers 
separately, measuiing these chambers in vaiious ways and relating the 
findings to body weight and to skeletal musculatuie 

It IS impossible here to do more than summarize briefly Kirch’s 
conclusions Three of the nine hearts showed definite hypei trophy 
The author would reserve the term athlete’s heait foi such an anomaly 
only The athletic heart is not a diseased heart, the hypertiophy must 
be considered solely as a process of adjustment, which will be reversed 

54 Kirch, E Herzkraftigung und echte Herzhypertrophie durch Sport, Ztschr 
i Kreislaufforsch 28 893, 1936 
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as soon as the athletic actnit} is deci eased or stopped ^Vhethel this 
Inpertroph} follows dilatation, as is so often true in the usual instances 
■of cardiac hypertioph), the author was unable to decide, he was never 
able to associate caidiac ^\eakness and myocardial dilatation with the 
athletic heait Often the teim athletic heart is applied improperly in 
instances of caidiac dilatation, which is more tiuly an expression of 
cardiac weakness Thiee of the nine hearts were normal, and the 
remaining three ^\ere slightly enlarged, occupying an intermediate place 
between normal size and frank hypertrophy The author used the term 
gchafhgten Heicen (strengthened hearts) to sepaiate them from 
unmistakably hj perti opined (athletic) hearts 

N cm ocu cnlatoi y Asthenia — Johnson became interested in a group 
of patients many of whom had complaints suggesting neurociiculatory 
asthenia and found the chloride level of the blood abnormally low 
These patients weie symptomatically relieved within foui or five days 
by increasing the intake of sodium chloride It may well be that a 
small percentage of patients now wrongly classified as neurasthenic 
may in reality be suffering from the effects of abnormally low chloride 
■\ allies 

CARDIAC ARRHYTHMIAS 

Orgain, Wolff and White have reviewed the pertinent liteiature 
and reported then studies of a series of 54 patients with auricular 
fibrillation and auiiculai flutter and without other signs of cardiac 
disease Forty-seven of the 54 patients had auricular fibrillation alone, 
5 had aunculai flutter alone and 2 had both The ages of the 49 patients 
with auricular fibrillation ranged from 21 to 75 years The arrhythmia 
ivas paroxysmal in all but 3 cases Definite etiologic factors were 
few, but many of the attacks weie intimately associated with such 
piecipitating factors as infection, alcohol, ethei, burns, colic in the gall- 
bladder, vomiting, surgical operation, exertion and emotion Follow-up 
studies of 90 pei cent of the entire group revealed that the prognosis 
for life and foi the maintenance of adequate cardiac function is good 
Reassuiance, the avoidance of piecipitating factors and the use of 
quinidine sulfate w'ere legarded as the most useful therapeutic measures 

The ages of the 7 patients with auricular flutter vaiied from 27 to 66 
years All the attacks were paroxysmal, the duration vaiying from a 
few minutes to fiie y^ears The common symptoms were palpitation, 

55 Johnson, A. S Sodium Chloride Therapy, New England J Med 215 438, 
1936 

56 Orgain, E S , Wolff, L , and White, P D Uncomplicated Auricular 
Fibrillation and Auricular Flutter Frequent Occurrence and Good Prognosis m 
Patients Without Other Eiidence of Cardiac Disease, Arch Int Med 57 493 
(March) 1936 
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choking, dyspnea, dizziness, weakness and, occasionally, piecoidial pain 
The precipitating factois were exertion, surgical operation and infection 
Quinidine or quinine was used in 5 cases, being effective in lestoimg 
normal rhythm or preventing paroxysms in 3, but later pioving ineffec- 
tive in 1 of these Digitalis restored normal rhythm in 1 of 5 cases 
in which it was tried Quinidine, after treatment with digitalis, con- 
verted the ihythm to normal in 2 instances 

Campbell and Goi don have reported on the use of quinidine m a 
senes of 135 cases of auricular fibrillation This drug restored normal 
rhythm in about two-thirds (64 per cent) and was effective in maintain- 
ing normal rhythm in about one-third (34 per cent) 

It IS emphasized that restoiing normal rhythm and, even moie so, 
maintaining it for a long period depend on the careful selection of suit- 
able patients In general, the most suitable patients are those without 
congestive failure or marked valvulai disease, with no more than slight 
cardiac enlargement, in whom fibrillation has been established for less 
than one month 

Thorough treatment with digitalis is important before treatment with 
quinidine is started Any complicating infection may prevent success 
In 7 of the 135 cases embolism developed after treatment, and in only 
1 instance was there a fatality which was probably due to quinidine 
Starr reported on the use of acetylbetamethylcholine in the treat- 
ment of seventy-five attacks of paroxysmal tachycardia in 37 patients 
He outlined the method as follows The patient is asked to he down 
Alternate pressure over the carotid sinuses is attempted, and if this is 
unsuccessful in stopping the arrh 3 d;hmia, acetylbetamethylcholine is 
given subcutaneously If the attack does not stop promptly aftei the 
appearance of the flush, the site of the injection is vigorously massaged 
If tachycardia peisists, the carotid sinuses are alternately compressed 
while the action of the drug is undiminished If this is unsuccessful, 
largei doses of the drug may be given 

Dosage varies with weight and age For children, 10 mg may be 
sufficient to stop an attack, while for elderly obese peisons as much 
as 60 mg may be necessary , an average dose is 30 mg It is important 
to massage the site of the injection if a given dose is ineffective or 
even to increase the dose By mistake as much as 30 mg has been 
given intravenously and 300 mg subcutaneously without fatal lesults 
In instances of toxicity, atropine should be given An antagonism exists 

57 Campbell, M , and Gordon, F W The Quinidine Treatment of Auricular 
Fibrillation, Quart J Med 5 205, 1936 

58 Starr, I Acetyl-/3-methylcholin IV Further Studies of Its Action in 
Paroxysmal Tachycardia and in Certain Other Disturbances of Cardiac Rhythm 
Am J M Sc 191 210, 1936 
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bet^\een the caidiac effects of acet)dbetamethylclioline and quinidine, 
and these drugs should not be given together, the same is true, but 
in a lesser degree, in regard to digitalis 

Acet} Ibetamethylchohne is not very effective in the treatment of 
auricular flutter or ventricular exti asystoles, and no peimanent effect 
lollo^^s its use in auricular fibi illation 

Gravier and his co-workers were able to cure a patient with ti ouble- 
some sino-auncular tachycardia by excision of the right stellate ganglion 

An abstract of the case repoit follows 

This patient was a woman aged 37 years whose heart rate was habitually 
moderate and was not increased unduly by effort, food or emotion In the course 
of the menstrual period, however, the heart rate increased to 140 to 180 per 
minute and was accompanied with distressing symptoms, preventing her from lead- 
ing a normal existence Not only was medicinal therapy ineffective, but it 
seemed to increase the tachycardia, and as a last resort the right stellate ganglion 
was removed This procedure effected a complete cure 

The authors have discussed the nature of the abnormal cardiac 
mechanism m this case and the rationale of treatment 

HEART FAILURE AND ITS TREATMENT 

Peters and Visscher have investigated the energetics of the heait 
in the heait-lung preparation under various conditions They emphasize 

that the most important characteristic of any machine during work is its efficiency 
The heart is a machine for transforming chemical potential energy into work in 
transporting blood around the circulatory system The amount of energy it must 
expend in order to perform a given amount of work is of profound importance 
in the phj'siology, and especially in the pathological physiology, of the heart 

Their lesults indicated that the failing heart suffeis first simply from 
a decrease m mechanical efficiency The eneigy liberated at a given 
external diastolic volume i emains the same , only the proportion which 
can be put to useful work falls off Heart failure consists, in essence, 
of an alteration of the energy-utilizing and not the energy-liberating 
mechanism , the heart is able to liberate energy, but it is unable to put 
it to useful work The authors stated the belief that the coirection of 
this defect should be the physiologic objective m the treatment of myo- 
cardial failure 

Vaiious substances were tested m legard to their ability to altei 
the capacity of the heart for work It was shown that at constant 
external diastolic volume, both calcium and glucosides of the digitalis 

59 Gra\ier, L , Tourniaire, A, and Gonnet, J Nevrose tachycardique traitee 
par stellectomie droite, Lyon med 158 425, 1936 

60 Peters, H C, and Visscher, M B The Energy Metabolism of the Heart 
in Failure and the Influence of Drugs upon It, Am Heart J 11 273, 1936 
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senes inciease the consumption of oxygen and the efficiency of the 
cardiac muscle Several reputed cardiac tonics have no direct beneficial 
action on the heart, foi example, coramine (pyridine betacorbonic acid 
diethylamme in a 25 per cent solution) produces, instead, dilatation with 
decreased output and efficiency 

Thompson and White have concluded from a review of 2,000 
postmortem examinations that the commonest cause of hypeitiophy 
of the right ventricle is strain and failure of the left ventricle In 704 of 
the 2,000 cases theie was hypeitiophy of the light ventricle to the 
extent that the wall measured 5 mm or moie in thickness Of these 
704 cases, clinical study revealed factois producing primaiy strain 
of the right ventiicle in 64, primar}'^ strain of the left ventricle in 326, 
piimary strain of both ventiicles in 141 and no clear cause of strain m 
141 Thus, m neaily half the cases the only cause of hypertrophy of 
the light ventricle was strain and hypeitiophy of the left ventricle 
Right-sided hypertiophy was often found in cases of puie left-sided 
strain, regardless of the presence or absence of clear clinical evidence 
of failure of the left ventricle, but the presence of failure increased 
the degree of hypertroplty It was found that the degree of hypei trophy 
of the right ventricle was almost as great m cases of pure left-sided 
stiam as it was when there had been primary iight-sided strain 

Parker and Weiss have described the changes in the blood 
vessels and alveolar walls m the lungs in cases in which there was an 
advanced degiee of rigid mitial stenosis associated with extreme failure 
of the pulmonary circulation Their desciiption of these changes 
follows 

The lesions in the pulmonary vessels consisted of (a) mtimal thickening of 
the arteries, and (&) hyperplastic arteriolar sclerosis and arteriolar necrosis 
The changes in the alveolar wall consisted of (<r) marked dilatation of the 
capillaries, (&) increase in the thickness of the capillary basement membrane, (c) 
increase in the interstitial tissue (collagen), (c?) interstitial pericapillary edema, 
and (e) a tendency of the flat epithelial cells to become cuboidal m shape 

With progressive pulmonary engorgement, first the visible capillaries increase 
in number, and only later do they dilate Often the capillaries become displaced 
and are separated from the alveolar surface by a considerable degree of edema 
or by thick layers of collagen 

Permanent structural alterations in the lungs caused by circulatory failure 
interfere with the gaseous exchange, partly through altered permeability of the 
alveolar wall, and partly as a result of the simultaneous passage through the 
individual capillaries of numerous columns of red cells, instead of a single red 
cell 


61 Thompson, W P , and White, P D The Commonest Cause of Hyper- 
trophy of the Right Ventricle— Left Ventricular Strain and Failure, Am Heart T 
12 641, 1936 

62 Parker, F, Jr, and Weiss, S The Nature and Significance of the Struc- 
tural Changes in the Lungs m Mitral Stenosis, Am J Path 12 573, 1936 
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In the causation of the pulmonarj arterial and arteriolar lesions, an important 
role IS plai'ed by the prolonged combined presence of (a) high intravascular 
pressure, (b) stagnation of blood, and (c) edema 

Coelho and Ribeiio®® obserted acute pulmonary edema m man, 
which, in the order of f requeue), is caused by failure of the left ven- 
tricle, mitral stenosis, toxic states and cerebral disturbances The) 
said they lecognize that there are additional causes which have been 
noted by other authois They found that the mechanism of pulmonary 
edema produced in dogs by the injection of silver nitrate m the right 
\entricle or saphenous vein is different from the edema produced by 
injury to the left ventricle oi complete obstiuction of the aorta In 
the formei instances the edema is of toxic oiigin and identical with 
toxic edema in man , in the lattei instances the edema is of mechanical 
origin and is identical wnth pulmonary edema produced in man by 
insufficiency of the left ventricle 

Smirk has ably discussed ceitain factois which favor the develop- 
ment of edema in congestive heart failure 

Many observers have shown that the albumin and globulin per- 
centages of the plasma are substantially low^er in most cases of con- 
gestive heart failure, and, m general, the lesser the percentages the 
greater the edema Furthermore, it has been shown that improvement in 
congestive failure is accompanied with a return of the colloid osmotic 
pressure toward normal Smirk’s observations showed that the average 
degree of difference in the colloid osmotic pressure of the plasma for 
gioups of normal patients and of patients wnth heart failure is m the 
region of 6 to 10 cm of w^ater 

The colloid osmotic pressure of samples of edema fluid removed from 
patients with congestive heart failure is ordinarily betw^een 2 and 
6 cm of w^ater Thus the low colloid osmotic pressure of the plasma 
and the presence of a colloid osmotic pressuie in the edema fluid both 
1 educe the effective osmotic pressure of the plasma The reduction 
may be only a few centimeteis oi as great as 18 cm of water It is a 
well knowm fact that, apait fiom congestive heart failure, one may have 
a fall in the osmotic pressuie of the plasma of 10 oi 15 cm of water 
below" the noimal wnthout the development of edema, and one may 
deduce that the fall in the effective osmotic pressure in congestive 
heart failure is usually insufficient of itself to insuie the development 
of edema 

63 Coelho, E , and Ribeiro, M Etude expenmentale sur deux formes patho- 
geniques de I’oedeme du poumon mecanique et toxique. Arch d mal du cceur 
29 383, 1936 

64 Smirk, F H Observ ations on the Causes of Oedema in Congestive Heart 
Failure, Chn Sc 2 317, 1936 
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Smuk next considered whethei the capillaries in congestive heart 
failure and in health are equally permeable to water with its dissolved 
crystalloids This was studied by comparing the rates of passage of 
fluid out from blood vessels under equal filtration pressures The 
results indicated that if the aveiage transudation late is called 100 per 
cent in the normal, it is 200 per cent in the experiments in which a 
correction is applied foi the low colloid osmotic piessuie of the plasma 
and 260 per cent in the experiments in which no such correction is 
made 

The lelationship between venous pressure and edema also was 
studied Smirk mentioned some of the variables to be considered in 
relating an increase in the venous pressure to the formation of edema 
Although a straight line relationship has been shown between the degree 
of artificial venous congestion in normal human subjects at rest and 
the rate of formation of edema, it is felt that this should be regarded 
as a remarkable coincidence rather than strong evidence that edema 
fluid is a simple filtrate of plasma and that a balance of the forces of 
the capillary pressure and of the osmotic pressure of the plasma is 
largely responsible for the interchange of fluid through the capillary 
blood vessels 

In resting patients with congestive heart failure the venous pres- 
sure in the legs is a few centimeters less than the general venous 
pressure plus the pressure of a vertical column of water extending 
from the manubrium to the place where the venous pressure is mea- 
sured, the same is true for normal subjects Active muscular move- 
ments of the legs diminish this pressure by from 10 to 100 cm of 
water Thus the incapacity for exercise of patients with congestive 
heart failure increases the average venous pressure in the legs through- 
out the day to much above normal In congestive heart failure the 
general venous pressure, measmed in relation to the manubrium, seldom 
exceeds 10 cm of water At rest a use of 10 cm in general venous 
pressure will produce a rise of about 10 cm in the veins of the leg, 
but the average rise of pressure throughout the capillary bed is 
less than the use of venous pressure which causes it Many good 
aiguments are given to show that a uniform rise of 10 cm of water in 
capillary pressure, apart from its secondary effects on blood vessels, is 
insufficient in itself to cause edema However, such an increase in 
filtration pressure will naturally increase the transudation of fluid from 
blood vessels 

It IS clear that in many cases of congestive heart failure seveial 
factors acting m varying degiee contribute toward the development of 
edema, their importance in legard to treatment is obvious 
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Kalter has used amino-acetic acid in degenerative heai t disease 
and congestive heart failure The theoretical basis foi the use of 
ammo-acetic acid m cardiac disease is made clear, and an analogy is 
drawn wuth its use in progiessive muscular dystiophy Cases are cited 
in w Inch ammo-acetic acid \vas apparently of considerable benefit in the 
treatment of caidiac failure We have used this ding in a feiv cases of 
heart failure, with definite benefit in 2 instances 

65 Kalter, S Ueber Glykokollbehandlung degenerativdystrophischer Herz- 
muskelerkrankungen, Deutsche med Wchnschr 62 1371, 1936 
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Parenteral Therapy A Ready Reference Manual of Extra-Oral Medica- 
tion By Walton Forest Dutton, M D , and George Burt Lake, M D Cloth 
Price, §7 50 Pp 386, with 90 illustrations Springfield, 111 Charles C 
Thomas, Publisher, 1936 

It is the usual task of the reviewer to set before his readers the reasons for 
buying or reading any new work that is brought to his attention If there are 
no such reasons, the work is, as a general rule, ignored Occasionally, it becomes 
the reviewer’s unpleasant duty to point out the general worthlessness of a book and 
even its potential dangers 

The book under present consideration is divided into three sections The first 
deals with the general technic of parenteral therapy It includes descriptions of 
the methods of giving or attempting to give medicaments by all the parenteral 
routes now in use It discusses blood transfusion, intracardiac injections, pneu- 
mothorax and paracentesis of all the serous spaces It describes surgical pro- 
cedure such as the administration of an anesthetic, the treatment of injection of 
material into the veins and the injection treatment of hernia 

This part of the work is well done The authors make no claim to originality 
They have merely collected data on the well known methods One wonders why 
it should have been done at all Surely, a textbook is not needed to describe the 
technic of hypodermic and simple intravenous medication These methods need 
no encouragement, they are overdone now The more complicated methods are 
in the nature of major surgical procedures and should not be attempted by any one 
without an adequate period of training Thyroidectomy or cholecystectomy should 
not be attempted with no further training than a perusal of a description of the 
technic Neither should cisternal puncture or ventricular puncture or even blood 
transfusion be performed There is even less excuse for the publication of the 
second and third parts of the book The second part is a therapeutic index Here 
are listed diseases and under each the drugs (parenteral) that may be used to 
advantage One learns that alopecia may be treated with salts of arsenic, antuitrin, 
pilocarpine or glycerophosphates Asexuahsm yields to testicular, ovarian and 
pluriglandular preparations or viriligen A journey to the lower end of the alpha- 
betic list informs one that goiter vaccine (Houda) is recommended in both thyroid 
deficiency and thyrotoxicosis And so on, ad nauseam 

The third portion consists of pharmacologic notes This is an alphabetic 
arrangement of a large number of drugs all of which lend themselves to parenteral 
administration Most of these drugs are listed under their trade names, and the 
manufacturer is not neglected It is impossible to mention all the ridiculous com- 
pounds that have found their way into this collection Adrempco is a solution 
representing the entire pituitary, thyroid and adrenal glands and the ovaries and 
testicles The list of gold preparations reminds one of Thompson’s work entitled 
“The Quacks of Old London” Again one meets goiter vaccine (Houda) and 
virihgen, and one finds the remarkable statement that strychnine is marketed by 
Merck & Co , Inc , and others 

The authors state in the preface that they have not had personal experience with 
all the drugs listed in the index and naively remark that they have studied the state- 
ments of the manufacturers but assume no responsibility for the results that may 
follow the use of any of these remedies This does not constitute a valid excuse 
Since the publication and discussion of a remedy implies tacit approval unless the 
reverse is stated, it seems that these authors have assumed a weighty responsibility 
Considerable time has been spent by the reviewer in saying what might have 
been said in a few words , namely, this book should never have been released 
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Die Nebenmerennnde By Sigismund Thaddea, M D Price, 11 marks 
Pp 199, with 78 illustrations and 36 tables Leipzig Georg Thieme, 1936 

The author of tins monograph is an assistant in the Second Medical Unuersity 
Clinic of the Charite Hospital in Berlin He has painstakingly assembled the 
material for a review of the development of knowledge concerning the adrenal 
cortex from the original description of the adrenal glands by Eustachius m 1563 
down to the present time He is to be congratulated on the success of his work 
The author has arranged his material according to a well planned sequence He 
begins wnth a historic account of the adrenal glands, next he discusses the 
morpholog\ and function of the adrenal cortex and then he describes the isolation 
of the cortical hormone and animal experiments to prove the many effects of this 
hormone Finally, he devotes a section of the book to the clinical aspects of 
Addison’s disease and other conditions in which the function of the adrenal cortex 
IS deficient and to the treatment of these conditions that may be logically employed 
A bibliography of 640 W'ell chosen references, arranged in alphabetic order and 
covering the literature of the entire world, is included 

A monograph of this character, well put together and well printed and accom- 
panied ivith clear illustrations, cannot fail to be serviceable It will be of use 
largely for reference purposes to medical students and teachers and therefore 
should soon be available in any good library to which students have access 

Le diabete sucre Questions controversees de chnique et de pathogenic 
Bj' E Aubertin, E Bessiere, P Broustet, O Hirsch, P Mauriac, R Sane, 
M Traissac and F J Traissac Price, 32 francs Pp 214 Pans Masson 
& Cie, 1936 

This book consists of a series of lectures by various physicians at the hospital 
Saint-Andre de Bordeaux on different aspects of diabetes, such as nervous com- 
plications, ocular complications and intermittent diabetes The material is of some 
interest but is not new for the most part 

La syphilis gastnque By Anastase Landau and Joseph Held Price, 32 francs 
Pp 185 Pans Masson & Cie, 1936 

Landau and Held thoroughly present the subject of gastric syphilis in this 
monograph They include not only organic gastric disease but functional gastric 
disturbances due to extragastric syphilis The monograph includes a discussion 
of the incidence, pathology, classification and treatment of the disease, the dis- 
turbances in the secretory function of the stomach as a result of syphilis and the 
difficulties encountered in making a differential diagnosis of gastric syphilis It 
includes also a good bibliography, mostly of French and German works and 
many x-ray plates 

Nothing particularly new is added to the subject, however, the monograph is 
a good clinical discussion of gastric syphilis 

Theory and Practice of Psychiatry By William Sadler Price, §10 Pp 
1231 St Louis C V Mosby Company, 1936 

Dr Sadler gnes an excellent and comprehensive discussion of his subject 
without going to extremes He rides no special hobby, shows no signs of psy- 
chiatric “cultism” and evolves no new philosophy On running through this 
excellent compendium, the reviewer (who is not a professional psychiatrist) is 
impressed anew^ how^ever, with the difficulties of the whole subject The psy- 
chiatrist of the modern school tends to state in technical and often incomprehensible 
terms what is fairly obvious to an> one dealing with patients , one is consumed by 
the heat but obtains little light A feeling becomes uppermost that perhaps methods 
of case finding and classification have outrun useful therapy After all, the con- 
stitutional basis must be paramount in most of the unhappy persons who drift 
into the psychiatrist’s net, and, while the witer does not mimimize this fact, he 
dismisses it in a relatnely brief section 
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MONOCYTIC LEUKEMIA 

REPORT OF SIX CASES AND REVIEW OF ONE HUNDRED AND 

TWENTY-SEVEN CASES 

EDWIN E OSGOOD, M D 

PORTLAND, ORE 

Since 1913, when the first case of monocytic leukemia was reported 
by Reschad and SchiUing-Torgau, more than one hundred cases have 
been described The majonty of these reports have appeared since the 
publication of the excellent reviews of Dameshek and Clough It is 
the purpose in this paper to summarize the essential data from the 
literature, to report 6 more cases and to discuss the origin of the mono- 
cyte as deduced from a study of blood smears m 32 cases ^ and of the 
sternal marrow in 4 of these 

REPORT OF CASES 

Case 1 — A S, a school girl 7 years of age, was first seen on Jan 30, 1934, 
complaining of swelling of the jaw and an itching rash She was well until 
January 17, when a painless swelling of the gums and left submaxillary region 
and an itching rash were noted A dentist was consulted, and he found no cause 
for the swelling of the gums The patient bad been exposed to scabies in school 
Dr Ray W Oldenburg, of Klamath Falls, Ore, was consulted on January 21 
He found generalized enlargement of the lymph nodes and a leukocyte cell count 
of 5,000, with some cells which were difficult to classify From the blood smear 
sent to me a tentative diagnosis of monocytic leukemia was made Dr Olden- 
burg ^ referred the patient to me, and I first saw her on January 30 Petechiae 
were noted on the legs on January 23, and the swelling of the gums and sub- 
maxillary nodes had increased Hemorrhage from the gums occurred on January 
29 The child felt well except for itching of the skin 

The significant physical findings were marked swelling of the gums, a small 
infected area covered by a whitish membrane opposite the lower left first molar, 
cutaneous lesions, generalized lymphadenopathy and splenomegaly The cutaneous 
lesions were of two types, one group being typical of scabies and the other con- 
stituting a petechial rash over the upper portion of the chest The submaxillary. 

From the Department of Medicine, the University of Oregon Medical School 

1 These 32 smears included those from the 6 cases here reported, 22 demon- 
strated by Dr Roy R Kracke in the scientific exhibit of the American Medical 
Association at Milwaukee in 1933, 1 sent to me by Dr A G Foord, of Pasadena, 
Cahf , and 3 given to me by Dr Frank Heck, of the Mayo Clinic 

2 Dr Oldenburg has given me permission to report this case 
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ccr\ical, axillarj, epitrochlear and inguinal nodes showed two or three plus enlarge- 
ment, and the left submaxillarj'' node showed four plus enlargement All the 
enlarged nodes ^\ere discrete, firm, painless and freely movable Kramer’s dulness 
and D’Espine’s sign were present, indicating enlargement of the posterosuperior 
mediastinal nodes The spleen was just at the costal margin and was some- 
what firm and not tender The enlargement of the mediastinal nodes was con- 
firmed by fluoroscopy and a roentgenogram of the chest The results of the 
studies of the blood are shown in table 1 The white cell count varied from 1,000 
to 7,300, with from 1 to 7 per cent monocytes, from 1 to 20 per cent promono- 
cytes and from 2 4 to 9 per cent monoblasts The sternal marrow obtained on 
January 31 consisted almost entirely of monoblasts, with a few promonocytes 
(fig 1) The monocytes, promonocytes and monoblasts showed a negative peroxi- 
dase reaction A diagnosis of acute subleukemic monocytic leukemia and scabies 
was made 


Table 1 — Hematologic Studies 
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70 

Oecasional 


• sternal marrow was studied 


The patient was admitted to the Doernbecher Memorial Hospital for Children 
on February 2 The scabies responded quickly to treatment Sodium perborate paste 
was applied to the gums after every meal, and a mouth wash of hydrogen peroxide 
was used everj half hour while the patient was awake, in an attempt to prevent 
Vincent’s stomatitis, which occurs as a rule in these cases Three roentgeno- 
graphic treatments of about one twentieth of an erythema dose were given over 
the gums and the anterior portion of the chest on February 2, 7 and 12, and two 
treatments were given to the spleen, spine and dorsal portion of the thorax Two 
transfusions of 250 cc each were given on February 9 and 11 Infection of the 
gums was controlled, and the enlargement of the nodes decreased slightly No 
discomfort w'as noted bj the patient until February 15, when nausea and vomit- 
ing developed She then complained of a generalized aching pain over the body, 
especiallj m the lumbar region, which was controlled by codeine The tempera- 
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ture was above normal for the first time on February 4 and rose steadily, reaching 
106 6 F on the evening of February 14 The gums became swollen to such an 
extent that they extended well above the surface of the teeth They were 
entirely free from infection The patient died at 12 20 a m on February 16 
Neaopsy — Gross examination showed petechiae and ecchymoses in the skin 
The gums were so swollen that they hid the teeth from view, yet there was no 
ulceration or bleeding Generalized enlargement of the lymph nodes and spleen 
(120 Gm ), multiple hemorrhages in the various serous membranes and hyper- 
plasia of the bone marrow m both the flat and the long bones were noted 

Microscopic examination revealed leukemic infiltration of the lymph nodes, 
spleen, lungs and liver and surrounding infatcts in both kidneys Such infiltra- 
tion was evident also in the appendix, in Peyer’s patches of the ileum, in the 
marrow of both flat and long bones and in the gums The leukemic infiltrations 
consisted of monocytes, promonocytes and monoblasts, with a few plasma cells 
Many of the promonocytes showed phagocytosed red blood corpuscles The epi- 
thelium of the gums was intact and showed no indications of either necrosis or 



Fig 1 (case 1) — Photomicrograph (X 1,200) of sternal marrow One mono- 
cyte, two promonocytes and three monoblasts are shown 

infection, the swelling being entirely due to the leukemic infiltration No transi- 
tion between lymphocytes and monocytes was observed in the lymph nodes In 
both the spleen and the lymph nodes the monocytes had almost crowded out the 
other types of cells In the liver the infiltration was confined, as m lymphatic 
leukemia, to the region of the portal trinities The marrow from the rib and 
the middle third of the tibia showed almost complete replacement by monoblasts 
and highly phagocytic promonocytes Reticulum cells in the marrow and spleen 
showed no evidence of hyperplasia 

Case 2 — A. woman 36 years of age consulted Dr C E Watts,® of Seattle, 
on Feb 1, 1935, complaining of a cutaneous rash and nosebleed She had not 
felt well since August 1934 and had noticed a cutaneous rash, which had been 
diagnosed by a dermatologist as erythema multiforme She had also received 
treatment for endocervicitis Physical examination revealed an unusual maculo- 
papular eruption on the face, neck, hands and feet, including the palms and soles, 

3 Dr Watts supplied the report of the history and physical examination 
and gave me permission to report this case 
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and petechiae on the thighs (fig 2) She had a profuse nosebleed The sub- 
ina\il!ar> and axillarj nodes showed one plus enlargement The spleen was not 
palpable but was enlarged to percussion The white cell count was 3,450, with 
man} immature cells The red cell count was 2,000,000, with a normal color index 
On the basis of a blood smear sent to me for examination, a tentative diagnosis 
of acute monocytic leukemia was made Examination of sternal marrow, obtained 
on Februar} 15 and sent to me by Dr Watts, show^ed a nucleated cell count of 
170,000 per cubic millimeter, wnth nearly all the cells monoblasts or promono- 
C 3 tes, thus confirming the diagnosis of monoc}tic leukemia The patient had a 
temperature of 100 to 101 F, and sw'elling and ulceration of the pillars of the 



Fig 2 (case 2) — The cutaneous lesions m monocytic leukemia 


fauces developed, but there was only slight swelling of the gums The cervical 
hmph nodes became considerably enlarged The data for the blood are given in 
table 1 Death occurred on February 17 

Necrops}, by Dr A Balle, of Seattle, revealed multiple hemorrhages in the 
skin, lungs, heart, liver and spleen, with leukemic infiltration of these organs, with 
generalized enlargement of the bmph nodes, with the Iner extending 5 cm below 
the costal margin and with the spleen approximately three times the normal size 
A bicornuate uterus and double vagina were noted The pathologist stated that 
because many of the cells show'ed a positive reaction for peroxidase he felt that 
this was a case of acute m}elogenous leukemia, but the blood smears and prepara- 
tions of the sternal marrow which I examined showed clearly that the immature 
cells belonged to the monoc}te series 
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Case 3 — R L , a man aged 62, entered the Multnomah County Hospital on 
Feb 20, 1935, complaining of “boils ” He had been well until the spring of 1933, 
when the first boil developed on the chest Since that time he had had numerous 
boils scattered over the body At the time of his admission to the hospital there 
was a large carbuncle on the back of his neck Since December 1934 he had 
noticed frequent epistaxis and increased weakness The lesion on the back of 
the neck began to develop on Feb 1, 1935 

Physical examination showed that the temperature ranged from 96 to 100 F 
and that the pulse rate ranged from 72 to 112 The respiratory rate was 20, and 
the blood pressure was 100 systolic and 70 diastolic There was a large car- 
buncle on the back of the neck No swelling of the gums, petechiae or enlarge- 
ment of the lymph nodes was noted The spleen and liver were slightly enlarged 
to percussion The white cell count varied from 38,650 to 54,000, with 60 per 
cent mature monocytes The hemoglobin value ranged from 6 69 to 7 65 Gm , and 
the red cell count ranged from 1,920,000 to 2,940,000 The details of the studies 
of the blood are shown in table 1 A diagnosis of chronic monocytic leukemia 
with myelophthisic anemia and carbuncle of the neck was made The patient died 
on February 28 

Necropsy revealed, in addition to the carbuncle and furunculosis, enlargement 
of the spleen (425 Gm ) and liver (2,250 Gm ) , petechiae in the pericardium and 
leukemic infiltration, consisting chiefly of mature monocytes m the kidneys, spleen, 
lymph nodes and marrow The infiltration in the liver was chiefly in the periportal 
areas There was terminal bronchopneumonia 

Case 4 — H R. R, an Italian aged 64 years, entered St Vincent’s Hospital on 
July 30, 1935, under the care of Dr Roy C McDaniels ^ He complained of loss 
of weight and fatigue He had been well until January 1934, when he noticed 
general malaise, with increasing fatigability and loss of weight The total loss 
of weight was 35 pounds (16 Kg) 

Physical examination revealed generalized pallor of the skin and raucous 
membranes and a two plus enlargement of the spleen, but no petechiae, no swell- 
ing of the gums and no enlargement of the lymph nodes or liver The white 
cell count was 27,100, with 44 per cent monocytes The sternal marrow on 
August 16 showed 5 per cent monocytes, 24 per cent promonocytes, 2 5 per cent 
promonocytes in mitosis and 1 5 per cent monoblasts 

A diagnosis of monocytic leukemia was made by Dr T D Robertson, patholo- 
gist for St Vincent’s Hospital, and I confirmed this diagnosis when I saw the 
patient in consultation Details of the studies of the blood are shown in table 1 
The patient was discharged from the hospital on August 29, feeling somewhat 
improved After that he felt better and gained some weight, but a year later 
he was emaciated, weak and anemic, and, according to Dr Robertson, so many 
monocytes and promonocytes were present in the blood that there was no ques- 
tion as to the correctness of the diagnosis He died about March 13, 1937 

Case 5— Mrs J D, a woman aged 76, was first seen on Oct 18, 1935, by 
Dr Laurence Selling,^ of Portland, Ore She complained of weakness and a 
“cold” and showed nothing significant on physical examination except hyperemia 
of the pharynx On October 23 the temperature was 99 2 F , and redness of the 
pharynx was still present The patient was seen daily thereafter by Dr Selling 

4 Drs Roy C McDaniels and Thomas D Robertson, of Portland, Ore, 
gave me permission to include a report of this case A full report will be given 
by them m a separate paper 

5 Dr Selling gave me permission to report this case 



Table 2 — Summary of Cases of Monocytic Leukemia 
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Taulp 2 — Suuititaty of Case^ of Monocytic Leukemia — Coiilimtcd 
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until her death A few da\s before deatli marked swelling of the gums, a tem- 
perature of 102 F and three small subcutaneous hemorrhages over the legs were 
noted Clearh detectable enlargement of the hmph nodes or spleen did not 
de\elop, and there vas no bleeding from the mucous membranes 

Examination of the blood showed hemoglobin, 74 per cent (10 21 Gm ) , red 
blood cells, 3,640,000 and white blood cells, 151,000 The blood smears sent to me 
for diagnosis showed 65 per cent promonocytes and 4 per cent monoblasts 
(table 1) A diagnosis of acute monocjtic leukemia w-as made 

The patient died on No^ ember 4 Permission for a necropsy was not obtained 
Case 6 — H S, a man aged 67, entered St Vincent’s Hospital on April 21, 
1936, complaining of recurrent nosebleeds, w’eakness and loss of weight He had 
had hjpertensive heart disease for many years but was otherwise well until the 
lall of 1935, when he began to notice loss of weight and became progressively 
weaker In March 1936 he began to have recurrent epistaxis, and the bleeding 
had become progressive^ more difficult to control Fie entered the hospital on 
April 21 for cauterization of the bleeding areas He w'as discharged on April 22 
before the report of the examination of the blood made on April 21 was charted 
He returned on April 29, in the service of Dr T Tharaldsen ® I saw him m 
consultation shortly after his admission to the hospital He had a recurrence of 
epistaxis on April 24, lasting until April 26 and beginning again on April 27 
The gums w’ere not sw'ollen, ecchymoses had appeared over the body and there was 
moderate enlargement of the axillary lymph nodes The spleen was enlarged to 
percussion but not palpable The data for the blood are shown in table 1 The 
patient was discharged from the hospital on May 6, and died at home on September 

14 Permission for necropsy w'as not obtained 

COMMENT 

The data for these cases and those previously reported are suin- 
maiized m table 2 From this table it is evident that monocytic leukemia 

15 being reported with inci easing frequency Since it is being reported 
more frequently and since individual investigators are reporting larger 
numbers of cases (I hate seen 6 patients with this disorder in two 
}ears), it seems that monocytic leukemia is a more common disease 
than it has been thought to be Rosenthal and Harris and Doan and 
AViseraan found reports of 532 cases of leukemia, from which statistics 
on the incidence of monocytic leukemia weie calculated From these 
reports it tvas estimated that 62 2 per cent were cases of myeloid leu- 
kemia, 32 7 per cent Avere cases of lymphoid leukemia and 5 1 per cent 
were cases of monocytic leukemia Rosenthal and Harris have sug- 
gested that this relative incidence is about that of the various types 
of cells in normal blood If this is correct, from 3 to 9 per cent 
(Osgood) of all the cases of leukemia should be cases of monocytic 
leukemia The gieat rarity of plasma cell leukemia (Osgood and 
Hunter) tends to confirm this theory, because plasma cells are only 
occasional^ seen in the blood 

It is evident that monocytic leukemia may occur at any age, the 
3 0 ungest patient reported on being 11 months old and the oldest 78 

6 Dr T Tharaldsen of Portland, Ore , gave me permission to report this case 
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years Theie was definitely a greatei incidence in males (67 pei cent) 
than 111 females (33 pei cent) 

Swelling of the gums was one of the most constant features, occui- / 
ring m 80 per cent of the 88 cases in which the gums weie mentioned, 
and when it is observed it should always lead to a serious consideration 
of the possibility of monocytic leukemia It was moie marked and 
constant than m other cases of acute leukemia, and a suipiismg number 
of the patients consulted a dentist before going to a physician In 
many instances the swelling was associated with gangrenous stomatitis, 
similar to that m agranulocytosis, but it may piecede the development 
of infection or may never be associated with infection 

Petechiae occui i ed m 69 per cent of the 80 cases in which they wei e 
searched for They were usually associated with bleeding fiom the 
mucous membianes, especially of the mouth and nose, as is common 
m other types of acute leukemia 

Enlargement of the lymph nodes was less fiequently noted (77 pei 
cent of the 110 cases m which the lymph nodes weie examined) than 
in othei types of leukemia 

The spleen as a itile was moderately enlaiged, being reported as 
palpable, enlarged to percussion or of definitely increased weight at 
necropsy in 84 per cent of the 117 cases in which theie was a note 
in this regard In a number of cases the size of the spleen was definitely 
lecorded as normal, so that splenomegaly is not constant m this disease 
The average weight of the spleen in the cases of adults in which it 
was recorded was 473 Gm , and the range was from 145 to 1,430 Gm 
It IS evident, therefore, that the usual enlaigement is of moderate degree 
An extremely large spleen m a patient with leukemia favois a diagnosis 
of myelogenous lather than monocytic leukemia 

Enlaigement of the livei was almost as common as enlaigement of 
the spleen, being obseived m 66 per cent of the 90 cases m which a 
notation was made The average weight of the liver m the adults in 
which the weight was lepoited was 2,047 Gm , and the range of the 
weight was from 1,250 to 3,240 Gm 

Other characteiistic clinical findings weie pallor, weakness and fever 
The pallor and weakness weie due to the rapidly developing myelo- 
phthisic anemia The temperature was usually from 101 to 103 F, 
occasionally using as high as 107 F 

Othei symptoms that were less common but apparently definitely 
related to the disease were pain m the bones and joints, cutaneous lesions 
othei than petechiae or ecchymoses and tumors consisting of monocytes 
The cutaneous lesions were of two types One consisted of nodules in 
the skin which weie film and painless and which on histologic exami- 
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nation proved to consist largely of monocytes, promonoc} tes, monoblasts 
and leticular tissue This t}pe of cutaneous lesion seemed to be specific 
for monocytic leukemia and to be difterent from the infiltrations of 
myelogenous or lymphatic leukemia These lesions have been well 
discussed by Mercei The second type of cutaneous lesion was staphylo- 
coccic infection of the skin, with multiple boils and carbuncles Furun- 
culosis occurred in these cases more frequently than can be explained 
by mere coincidence Our case 4 belonged to this group In the case 
reported by Gittins and Hawksley theie were bilateial ovarian tumois 
consisting of monoc 3 ’’tes, and in the case reported by Haimng, Kimball 
and Janes a tumor surrounding the rectum produced intestinal 
obstruction 

The white cell counts in the 124 cases in which they were recoided 
ranged from 660 to 461,000 The average of the highest counts recorded 
m each case was 99,600 Thiee patients were leukopenic throughout 
the course, 6 showed leukopenia at times and no counts above the upper 
limits of normal and 6 had only normal leukocyte counts recorded, 
making a total of 15 cases, or 12 per cent, m which the white cell count 
was never elevated In only 65 cases, or 52 per cent, was the leukocyte 
count consistently elevated 

The differential counts aie difficult to evaluate because most authors 
did not segregate the immature from the mature monocytes The actual 
distribution of the cells can be judged only from those reports m which 
promonocytes and monoblasts were listed, because m most instances 
m which no figuies appeared m these columns many of the cells under 
the heading monocytes were undoubtedly promonocytes and monoblasts 
If the cells were classed in monocytic leukemia as stem cells, myeloblasts 
or hemoc) toblasts, I have arbitrarily placed them in the column marked 
monoblasts It is evident, however, that the cells of the monocyte series 
may vary in the blood from almost none to 99 per cent and that the 
percentage of immature cells in the monocjde series may vary from 
piactically none to over 95 per cent In only 2 cases (23 and 94, in 
table 2) w^as there a true aleukemic course, with no increase in the 
number of mature or immature monocytes noted in the blood at any 
time 111 a number of others there were aleukemic phases Unques- 
tionably moie cases of aleukemic monocytic leukemia will be recorded 
now that sternal puncture (Young and Osgood) is coming into general 
use as a diagnostic method 

The average duration of the illness m the 104 cases in which it 
w'as possible to make a determination from the reports was five and 
one-fourth months The shortest duration w'as ten days and the longest 
four years If the cases are divided into those of acute, subacute and 
chronic involvement arbitrarily, the involvement being called acute when 
the duration of the illness w^as six months or less, subacute when 
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between six months and one year, and chronic when more than one 
year, there were 80 cases (77 per cent) of acute leukemia, 13 cases 
(13 per cent) of subacute leukemia and 11 cases (11 per cent) of 
chronic leukemia The tendency for monocytic leukemia to run an acute 
course is clearly evident and is in contiast with that for lymphoid or 
myeloid leukemia, in which the chronic forms are moie common than 
the acute forms 

ORIGIN OF MONOCYTES 

Forkner has listed nineteen different views as to the origin of the 
monocyte, which clearly show the confusion that exists m regard to 
the origin of this cell Undoubtedly this confusion would have been 
cleared up sooner if moie studies of the sternal marrow had been made 
in cases of this type of leukemia In our cases in which sternal punc- 
tures were made it was evident that the monocyte developed from a 
cell which may be called the monoblast, similar m morphology to the 
myeloblast All intermediate stages (fig 3) between the typical mature 
monocyte of the blood and this monoblast could be found As a lule 
the material aspirated from the marrow consisted almost entirely of 
these blast cells, and the picture was so widely different from the 
normal that there could be no question that this cell was the precursor 
of the monocyte 

The characteristic features of the monoblast are its laige size 
(from 15 to 30 microns in diameter), the fine chromatin structure 
of the nucleus, similar to that of the myeloblast but perhaps even more 
transparent, and the uniform presence of nucleoli The nucleus is 
usually round or oval The cytoplasm ranges from basophilic to deeply 
basophilic, and there is more m proportion to the size of the nucleus 
than in the myeloblast or the lymphoblast 

Monoblasts are difficult, sometimes impossible, to distinguish from 
myeloblasts or lymphoblasts The chief point of difference is the more 
frequent occurrence of fine, diffuse azurophil granules m the cytoplasm 
of the monoblast, similar to those of the mature monocyte Since these 
granules are not always present m the monoblast and the myeloblast 
may sometimes contain them, the morphologic appearance of the indi- 
vidual cell IS often not adequate to differentiate them with certainty 
The pel oxidase stain does not assist in this differentiation, as all these 
cells show 'a negative peroxidase reaction However, the fact that 
some of these cells are moiphologically indistinguishable does not prove 
that they are actually identical, it is often impossible to tell m a smear 
treated with Wright's stain whether a cell is a promyelocyte type II 
or a piolymphocyte, but the peroxidase stain clearly shows them to be 
diffeient 

Most authors have not given any characteristic name to cells inter- 
mediate between the mature monocyte of the blood and the monoblast. 
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while some ha\e used the term piomonocyte or premonocyte for these 
cells, without clearly defining it I suggest that they be referred to 
as promonocytes and that a promonoc>de be defined as a cell which has 
the characteristic cytoplasm and diffuse, fine azuiophil granules of the 
mature monocyte, with the same irregularly shaped nucleus, having a 
finer chromatin structure and showing uniformly the presence of nucle- 



Fig 3 — Photographs of the cells of the monocyte senes (X 1,000) from the 
colored illustrations in the “Atlas of Hematology” The original drawings are 
two and one-half times the size shown here The numbers correspond to the cell 
numbers in the atlas monoblasts, 31 to 33 , promonocytes, 34 to 41 (36, a cell in 
mitosis, 41, a disintegrated promonocyte resembling the hemohistioblast of Fer- 
rata) , monocytes, 42 to 51 

oh As Fowler has pointed out, the nucleus of the promonocyte, with 
its delicate chromatin network, is often sufficiently transparent so that 
underlying folds of the nucleus may he seen through it The presence 
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of nucleoli constitutes the major point of difference from the normal 
monocyte of the blood The presence of truly lound oi oval nuclei with 
an extiemely fine chromatin structure diff ei entiates the monoblast from 
the promonocyte These differences are shown in figure 3 but can be 
seen much better in cells 31 to 51 in the volume entitled “Atlas of 
Hematology” by Osgood and Ashworth, m which these cells are shown 
m color, magnified 2,500 diameters 

The reaction of the monocyte and of the promonocyte to the pei oxi- 
dase stain varies Even in the same specimen of blood some monoc3d;es 
will show a positive reaction and others will show a negative reaction, 
and in many preparations no cells showing a positive reaction can be 
found The most plausible explanation for this is that the monocyte 
itself shows a negative pei oxidase reaction, but, being an extremely 
phagocytic cell, it frequently takes up from disintegrating granulocytes 
the material that shows a positive reaction I have frequently seen this 
phagocytosis in cultures of marrow (Osgood and Brownlee, Osgood 
and Muscovitz), and there is no leason to believe that this does not 
occur m normal blood also 

There is good evidence that the monoblast is capable of forming 
leticulum, since reticulum has been found m the cutaneous lesions 
(Mercer) of monocytic leukemia and in the rectal (Haining, Kimball 
and Janes) and ovarian tumors (Gittins and Hawksley) which have 
been reported There is definite evidence from studies of sternal mar- 
row (Young and Osgood) that monocytes are present throughout life in 
the marrow, and undoubtedly they may be formed m the spleen in 
fetal life and sometimes during the course of monocytic leukemia If 
they were formed normally m the lymph nodes one could expect to see 
them in considerable numbers in the lymph from the thoracic duct, 
which is not the case It is my impression that in the present state of 
knowledge the terms reticulosis and reticulo-endotheliosis should not be 
used, as they are misleading and suggest the possession of knowledge 
that IS not at hand It would be equally logical to call all forms of 
leukemia reticulo-endothehosis because all cells of the blood are formed 
in reticulo-endothehal tissue I have never been able to find any transi- 
tion m morphologic studies between the lymphocyte and the monocyte, 
even in material from the lymph nodes m cases of monocytic leukemia 
Although I have been unable to find a method of morphologically dif- 
ferentiating the most immature examples of any one of the blast cells 
from the others, our studies (Osgood and Ashworth) lead me to believe 
that the monoblast, the myeloblast, the lymphoblast, the plasmoblast 
and the megaloblast are, in adult life, distinct types of cells, each of 
which can develop only into a mature cell of its own series It is pos- 
sible that cultures of marrow (Osgood and Brownlee, Osgood and 
Muscovitz) will definitely settle this point 
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SUMMARY 

Six cases of monocytic leukemia are reported, and lepoits of 127 
other cases are cited from the literature, indicating that monocytic 
leukemia is a relatively common condition 

The clinical and hematologic features of these 133 cases are sum- 
maiized in table 2 The most characteiistic clinical features are the 
typically acute course, the unusual tendency to swelling of the gums 
and the fiequent association of fever, stomatitis and hemorrhages The 
most important hematologic features are the appearance of promono- 
cytes in the blood and of large numbers of monoblasts and promonocytes 
in the sternal marrow 

Studies of marrow in monocytic leukemia show clearly that the 
mature monocyte arises from the monoblast in the marrow and develops 
through the stage of the promonocyte into the mature monocyte of 
normal blood 

The monoblast and the promonocyte are described and defined 
The term monocytic leukemia is preferable to reticulosis or reticulo- 
endotheliosis 

The cutaneous lesions of monocytic leukemia are described, and the 
differences from the cutaneous lesions of other types of leukemia are 
pointed out 

Note — Since submitting this paper for publication I have studied 
3 additional cases Twenty additional reports have been found in the 
literature and have been included in the bibliography 
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POISONING FROM CUTANEOUS APPLICATION OF 

IODINE 

A R \RE ASPECT OP ITS TOXICOLOGIC PROPERTIES 


W B SEYMOUR Jr, MD 

NEW HAVEN, CONN 

Iodine was discovered accidentally b}' Courtois in 1811 ^ It was first 
used as a therapeutic agent by Coindet in 1820 in treating goiter Its 
success was so great that it was soon used in many other diseases, but 
the unfortunate lesults consequent on the inhalation of the nascent 
fumes caused it to fall somewhat into disrepute Howevei, other effec- 
tive uses were soon discovered Ricoid in 1836 used it in scrofula, 
Lugol in 1831 used it effectively m tertiary syphilis, and Wallace in 1836 
published a report of a series of cases in which potassium iodide in large 
doses was used in the treatment of syphilis Bomet, in 1839, was the 
first to use iodine as an antiseptic, employing it in various infections, 
he originated the injection treatment of ovarian cysts Since that tune 
it has been used widely, and its alcoholic solutions are recognized as 
some of the most effective of known antiseptics 

Iodine is probably most frequently used in the foim of potassium 
and sodium salts As such it is employed as an expectorant, as a diuretic, 
111 the treatment of goitei, m the treatment of syphilis, as a contrast 
medium m urography and m various circulatoiy diseases m which there 
IS a fibrotic oi inflammatory factor, i e , arteriosclerosis and syphilitic 
arteritis The most lecent use of the iodides has been in fungous infec- 
tions It has been shown that the use of iodides is contraindicated in 
tuberculosis, presumably because they have a direct action on devitalized, 
especially fibrotic, tissue and thus may be responsible for the breakdown 
of protective bariiers Finally, the iodides have been used indis- 
criminately in a wide variety of conditions, with indifferent results 
Externally, elemental iodine is employed in the form of the alcoholic 
solution, having long been used, as has been noted, as a cutaneous anti- 
septic, it IS employed also for preoperative sterilization of the skin and 
as a counterimtant Other uses, such as to sclerose cysts of various 
types and as an inhalant (in the nascent foim), have largely been 
abandoned 


From the Department of Internal Medicine, Yale University School of Medi- 
cine, and the Medical Service of the New Haven Hospital 

1 Courtois, cited by Sollman, Torald A Manual of Pharmacology, Philadel- 
phia, W B Saunders Companv, 1932 
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TOXICOLOGIC ASPECT 

There aie t^^o common conceptions of iodine poisoning first, 
the poisoning following the ingestion of the tincture m lelatively large 
quantities, and, second, the manifestations which occasionally follow 
the prolonged administration of the salts, called lodism Nevertheless, 
theie are, in reality, five methods by which iodine is or has been admin- 
isteied which may result m poisoning These are (1) the oral ingestion 
of iodine oi its alcoholic solution , (2) the oral ingestion of the salts of 
iodine, which occasionally results m lodism , (3) the inhalation of the 
fumes into the upper and lower passages of the respiratoiy tiact, (4) 
the absoiption of the tinctuie from a cyst into which it has been injected, 
and (5) the absoiption of alcoholic solutions applied to the skin Of all 
these, only the fiist is pi eponderantly local in its toxic effect, the others 
are mainly systemic 

The oral ingestion of the tmctuie is usually earned out with suicidal 
intent Immediate gastric uneasiness, vomiting, diarrhea, with occa- 
sional bloody stools, and vasomotor collapse ^ follow These effects 
are in large pait due to the local coirosive action of the iodine on the 
alimentary mucous membiaiie, occurring immediately after the ingestion 
of the solution and allowing scant time for absorption The fatal dose 
is supposed to be from 2 to 3 Gm , but much larger doses have been 
taken with recoveiy 

lodism IS a nonspecific phenomenon, as entirely analogous effects 
may follow the use of thiocyanates, nitrates and bromides The mani- 
festations are as follows 

1 Cutaneous manifestations of various sorts, including pustular and bullous 
eruptions, generalized erythema, purpura, urticaria and vesication — all 
occasionally accompanied with fever 

2 Conjunctivitis, laryngitis, bronchitis and rhinitis 

3 Headache 

4 Stomatitis 

5 Anorexia 

6 Parotitis 

7 Terminal cachectic states following the prolongation of symptoms and 
including anemia, emaciation, mental disturbances, etc 

The mechanism of these effects is still not satisfactonly explained 
Fatal termination is occasionally seen 

Foi a long time it was thought that the direct contact of nascent 
iodine with various pulmonary inflammations would be beneficial Clini- 
cal trial resulted m many mishaps, owing probably, as Luckhardt and 
his associates - pioved experimentally, to depression of the blood pres- 
sure, with consequent pulmonary edema and respiratory collapse 

2 Luckhardt, A B , Koch, F C , Schroeder, W F , and Wieland, A H 
The Physiological Action of the Fumes of Iodine, J Pharmacol & Exper Therao 
15 1 (March) 1920 ^ 
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The injection of alcoholic solution of iodine into cysts of various 
sorts vas fonnerly videly practiced but has now been lelegated to the 
limbo of discarded therapeutic measures on account of many accidents 
which occurred Rose “ first called attention to this in a report of three 
cases in all of vhich systemic reactions were piesent, one terminating 
fatal!) The fatal case \\as that of a girl of 16 Into an ovarian 
cyst a solution containing 5 ounces (150 cc ) of tinctuie of iodine was 
injected Immediately after this the patient began to vomit profusely, 
and she expeiienced extieme thirst and became cold, with a weak inter- 
mittent pulse Parotitis then developed, associated with a diminution 
of salivary flow, fevei, oliguria and albuminuria Coma supervened, 
and the girl died in collapse Autopsy revealed traces of iodine as iodide 
m the lungs and bronchi, none was levealed elsewhere Nothnagel and 
Rossbach^ collected repoits of tbirty-five fatal cases following the 
injection of the drugs into cysts 

Systemic toxic manifestations following the use of alcoholic solu- 
tions of iodine on the skin and mucous membranes are undoubtedly 
extremely rare, considering the widespread use of this antiseptic Peter- 
son and Haines ° stated “When applied by surgeons freely to absorbing 
surfaces, it [iodine] may cause systemic distui bances, such as headache, 
dizziness, mental trouble with gastric symptoms 

bi ought out indirectly ” Search of the literature reveals reports of only 
fourteen Cases of systemic or remote cutaneous disturbances, the case 
presented herewith being the fifteenth Undoubtedly there have been 
other cases, and probably they will become more infrequent with the 
increasing use of other cutaneous antiseptics at the expense of iodine 
That local leactions may occur after the application of the tincture to 
the skin IS w^ell knowm, Herzog ® having described many cases of derma- 
titis from Its use in wounds in war time However, Rutherford ' noted 
onl) three cases in a total of 14,000 cases, one patient showing local 
ecchymosis and twm showing bullae 

Iodine applied to the skin and mucous membrane is absorbed as 
Iodide Luckhardt and his colleagues " show^ed that the liberal applica- 
tion of the tincture to the skin resulted in the excretion of 4 71 mg of 

3 Rose, E Das Jod in grosser Dose, Virchows Arch f path Anat 35 12 
(Tan) 1866 

4 Nothnagel, H , and Rossbach, M J Nouveaux elements de matiere 
medicale et de therapeutique, Pans, J -B Bailhere & fils, 1889, quoted by deBroe^* 

5 Peterson F , and Haines, W S Legal Medicine and Toxicology, Phila- 
delphia, W B Saunders Companj, 1923, vol 2, p 167 

6 Herzog, W Zur Anwendung der Jodtinktur, Munchen med Wchnschr 
61 2319, 1914 

7 Rutherford, W J Excessue Reaction Following the Use of Tincture of 
Iodine, Brit M J 1 846, 1915 
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iodide in the urine during the following twenty-foui houis The 
systemic effects are probably due to iodide, as Buschke and Ollendorff s ® 
patient showed a generalized eruption following the local application of 
iodoform , sixteen years later a similar eruption appeared after the inges- 
tion of potassium iodide These considerations are borne out when the 
symptoms of the patients who have been affected systemically by local 
applications are considered, but all such systemic manifestations must 
occur in patients who are extiemely hypersensitive to iodine or who have 
become sensitive to it, as the quantity absorbed through the skin is rela- 
tively minute 

REPORT OF A CASE 

E H , a 52 year old man, was admitted to the medical isolation unit of the 
New Haven Hospital on April 4, 1936, complaining of a cold 

Three weeks prior to his admission to the hospital the patient began to experi- 
ence headache, malaise, chilly sensations and pain in the chest He began also 
to have a cough productive of small amounts of greenish yellow sputum which 
was often blood streaked The pain was m the right anterior portion of the chest 
and was pleuritic The patient believed he had three bouts of fever but had had 
no night sweats Anorexia had been severe, and he had lost about 20 pounds 
(9 Kg ) since the onset of his illness He became progressively weaker and finally 
came to the hospital for relief 

The family history was unimportant, there had been no tuberculosis in the 
family The patient had married but had separated from his wife, who was living 
and well There were three children living and well 

The past history was essentially unimportant The patient had been unem- 
ployed and homeless for four years He could remember having had only an 
occasional cold or sore throat He had never had a cough previous to the onset 
of his present illness He had been a house painter intermittently for thirty-five 
years but was fully cognizant of the dangers of working with lead and had never 
had a symptom of poisoning 

Physical examination revealed a well developed but rather emaciated man, 
who appeared to be mildly and chronically ill The temperature was 102 F , the 
pulse rate 90, the respiratory rate 24 and the blood pressure 90 systolic and 65 
diastolic The skin was warm and dry and was fairly dark There was no erup- 
tion The head, eyes, ears and nose were normal The teeth were discolored 
and carious, many were missing The pharynx was not injected There was no 
cervical adenopathy The trachea was in the midline, the thyioid gland was small 
and smooth Examination of the chest revealed diminished respiratoiy expansion 
on the right side Over the upper half of the right side of the chest there were 
dulness, bronchovesicular breathing and a few coarse rales A loud friction rub 
was heard m the right axilla during respiration The heart was not remarkable 
The abdomen was scaphoid, and there was moderate voluntary spasm m the right 
upper quadrant The genitalia were normal Rectal examination revealed no 
abnormality The reflexes were all normal The extremities were not remarkable. 
There was no generalized lymphadenopathy 

8 Buschke, A, and Ollendorfif, H Zur Kenntnis der Jodidiosynkrasie der 
Haut, Deutsche med Wchnschr 51 2109, 1925 
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The laboratorj findings \\ere as follows Examination of the blood showed 
4,200,000 er3 throcvtes, 70 per cent (Sahli) hemoglobin, 7,000 leukoc3tes, 70 (14 
nonsegmented) P0I3 morphonuclears, 24 13’^mphocytes, 3 large mononuclears, 3 
eosinophils and 0 basophils The urine was clear, yellow and acid, wuth a specific 
gra\ it3' of 1 022 and no albumin or sugar The sediment show ed a rare w'hite 
blood cell per high pow-er field The sputum w'as yellow^ and purulent, from 5 to 
20 acid-fast bacilli being seen per high powder field The stools were dark brown 
and solid and contained no gross blood or mucus The reaction to guaiac was 
negative The Kahn test was negative Chemical analysis of the blood showed 
nonprotein nitrogen, 32 mg per hundred cubic centimeters, carbon dioxide, 28 4 
milhequnalents, chlorides, 871 to 93 9 milhequivalents , total proteins, 7 Gm per 
hundred cubic centimeters , albumin, 3 44 Gm , globulin, 3 56 Gm , and sodium, 
125 milhequivalents 

A roentgenogram of the chest showed extensive pulmonar3 tuberculosis of the 
upper and middle lobes of the right lung, with probable cavitation of the upper 
lobe, and beginning tuberculous infiltration of the left lung 

Cow sc and Treatment — The patient was put to bed immediately and for the 
next few' da3s w'as merel3 kept under observation During this time he was con- 
stantl3' febrile, the temperature ranging between 99 and 103 F He w'as given 
Yz gram (0 03 Gm ) of codeine sulfate when necessar3' for his cough 

In view' of the patient’s asthenia, hypotension and dark skin, the question of 
Addison’s disease was considered, for a short time studies of the blood were 
made, including determinations of the sodium and chloride contents, and subse- 
quently large doses of sodium chloride were given However, this caused no 
change in the patient’s symptoms, and studies of the blood revealed normal values 
for sodium and only a slight reduction of the chloride content ' 

Ten days after lus admission to the hospital it was decided that artificial pneu- 
mothorax W'as the most suitable therapy ® The cutaneous preparation for pneumo- 
thorax therapy is usually performed as follows an area varying from 10 to 20 cm 
in diameter is covered W'lth full strength tincture of iodine U S P , and the iodine 
IS then removed with 70 per cent alcohol There is, naturally, some variation in 
the amount of iodine removed, and occasionally a fair amount remains on the skin 
Betw'een April 16 and 29 the patient received six pneumothorax treatments, a 
total of 2,950 cc of air being introduced, causing the right lung to collapse to 
roughly its former size Immediately after each treatment the patient felt much 
worse, and 111 each case the temperature rose suddenly from 1 to 3 F No physical 
change w'as demonstrable 

On April 30, the day follow'ing the sixth pneumothorax treatment, the patient’s 
temperature rose from 100 4 to 102 F , and there was a slight reddening of the 
skin oier the area prepared with iodine The next day there was an extensive, 
confluent rash over the entire back, and on May 2 the entire bod3 was covered 
with a morbilliform eruption that was confluent over the back The mucous mem- 
branes w'ere clear, the patient felt no worse than usual He had been receiving 
codeine, this was stopped Bv May 3 the rash had faded, and it w'as gone the 

9 The isolation unit of the New' Haven Hospital does not include a permanent 
sanatorium for tuberculous patients Patients with tuberculosis are admitted only 
before the diagnosis is made or m an emergency and remain there pending their 
transfer to a state or federal sanatorium Since ^acanCIes in these sanatoriums 
are occasionallv scarce, patients sometimes must wait as long as three months 
If pneumothorax is indicated immediately, it is instituted w'hile the patient is in 
the isolation unit 
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ne\t day Another pneumothorax treatment was gnen on I^Iaj 5, onlj alcohol 
being used for the cutaneous preparation, and codeine was resumed with no 
adverse results On May 11 at 3 p m another pneumothorax treatment was 
given, and iodine again was used for the preparation of the skin That night the 
temperature rose to 104 F , the pulse rate was 120 and on the following morning 
there was a generalized morbilliform eruption The area of skin which had been 
prepared was fiery red The rash elsewhere was maculopapular and pink, being 
confluent in some areas Culture of blood taken at this time was sterile There 
was moderate generalized Ij mphadenopathy The mucous membranes of the 
mouth and eyelids were injected and covered with a thick yellow mucoid exudate 
There was no bulbar conjunctivitis Over the soft palate a hemorrhagic eruption 
was seen Irrigations of the throat and eye washes were instituted The patient 
was nauseated and took fluids poorty A hypodermoclysis of 1,500 cc was given 
On the next day. May 14, the rash was everywhere confluent, the extremities 
were swollen and painful to the touch There was a thick purulent discharge 
from the eyes, and a profuse flow of viscid, mucoid saliva drooled from the mouth 
The patient was lethargic and coughed up large amounts of greenish watery 
sputum There was a leukoc 3 ’'te count of 14,000 

On May 15 the patient’s condition was slightly worse The superficial laj’^ers 
of the skin on the back began to peel off m large sheets 

On May 16 the patient was disoriented There was beginning desquamation 
of the extremities, which were swollen, cyanotic and painful The conjunctival 
and the oral discharge were more profuse Urine at this time showed a 2 plus 
reaction for albumin, and the sediment contained from 3 to 5 white blood cells 
and 1 or 2 red blood cells per high power field The leukocyte count was only 
7,650 All fluid was given parenterally The patient became much worse during 
the night On the morning of May 17 the skin was peeling from the body in 
large sheets, leaving great denuded areas which exuded serum, so that the bed 
was constantly wet Speech was thick, and coma became progressive There 
was incontinence of urine and feces There was, however, marked oliguria The 
nonprotem nitrogen content at this time was 38 mg per hundred cubic centimeters 
The patient’s condition rapidly became worse, Cheyne-Stokes respiration was 
present and m spite of appropriate stimulating measures the patient died 

Postmoi tern Evamwahon — The autopsy was performed the following day by 
Dr Robert Tennant The anatomic diagnosis was {a) primary extensive exfolia- 
tive dermatitis, exfoliative pharjmgitis, tracheitis, esophagitis, glossitis and acute 
bronchitis, (b) secondary bilateral chronic ulcerative and proliferative pulmonary 
tuberculosis, bilateral fibrous pleural adhesions, air m the right pleural cavity 
(artificial pneumothorax) and tuberculous ulcer of the cecum 
The summary of the protocol is as follows 

The body was that of a well developed but poorly nourished man The weight 
of the body was 44 Kg, and the length was 173 cm 

There was extensive exfoliative dermatitis over all parts of the body The 
superficial layers of skin were denuded, leaving large graj -red granular surfaces 
Around the face and mouth a dark yellowish green material, which appeared to 
be a mixture of serum and fibrin, was adherent There was exudative material 
over the entire body , the back was practically denuded of epithelium In regions 
where the skin w'as not removed there w'as a diffuse macular rash, the macules 
being red and smooth The e>ehds were glued together with a yellow-green 
mucoid exudate, which covered the face The conjunctivae were reddened There 
was pus at the external nares and on the lips The bod}'’ w'as emaciated, there 
being practically no subcutaneous fat There w'as no adenopathy 
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On section the peritoneum appeared normal over the visceral surfaces The 
spleen was enlarged There was no fluid in either pleural space The right lung 
was partiallj collapsed, fibrous adhesions binding portions of it to the wall of 
the chest The left lung w’as intact, but an occasional firm nodule could be pal- 
pated The pericardium was smooth and contained 10 cc of clear fluid 
The heart w'eighed 237 Gm and was normal grossly and microscopically 
The left lung had some fibrous adhesion over the pleural surface, over which 
appeared a few small, deeply pigmented scars The cut surface was red and 
crepitant, and red fluid oozed from it The bronchial mucosa was deep red 
The right lung showed many adhesions over the pleural surface The cut 
surface show’cd an empty cavity, 5 cm in diameter, in the apex This had a fairly 
thick fibrous W'all which was surrounded by several sharply demarcated yellow 
caseous nodules, about 0 5 cm in diameter , several of these were seen in the 
middle and low'er lobes also At the anterior margin of the middle lobe there was 
a uniformly consolidated caseous mass, 5 cm in diameter About a third of the 
right lung showed tuberculous involvement, there was practically none in the 
left lung 

Microscopic sections of the wall of the cavity showed dense fibrous connective 
tissue, throughout which conglomerate tubercles with caseous centers could be seen 
Throughout other portions of the right lung many conglomerate caseous tubercles 
w'ere seen, associated with the bronchi Sections of the middle lobe showed a 
necrotizing, caseous tuberculous process 

The tracheal mucosa w'as desquamated The surface was covered with fibrin 
and polymorphonuclear leukocytes, and the blood vessels were distended with red 
blood cells The mucous glands were swollen 

The spleen weighed 237 Gm , and the malpighian corpuscles were large and 
numerous The stomach, duodenum, pancreas and gallbladder were normal 

The liver weighed 1,653 Gm The surface was smooth In several small foci 
that were examined microscopically the cells were necrotic and were infiltrated 
with lymphocytes The total weight of the adrenal glands was 19 Gm They 
were normal 

The kidneys weighed 173 and 176 Gm, respectively There was slight cloudi- 
ness of the cortical markings, but microscopically the glands appeared normal 
The testes were normal 

Examination of the brain, a small portion of the spinal cord, the rectum, the 
ureters and the aorta revealed no abnormality 

In the cecum there was one solitary ulcer, 3 by 0 5 cm , with slightly raised 
edges and a yellow granular base Sections showed infiltration with monocytes and 
a few polymorphonuclears Immediately below the base of the ulcer was a 
tubercle 

The superficial la 3 ers of the esophageal mucosa had desquamated and formed 
a cast in the lumen , this had a cooked appearance The remaining mucosa 
desquamated easily, leaving a granular, reddened surface A similar process 
extended into the pharj nx The tongue showed some evidence of superficial 
desquamation The mucosa of the pharjmx and trachea were deep bright red 
There vv^as no ulceration, but there was a yellow exudate over a few points on 
the surface 

Microscopicalh^ the mucosa of the tongue was almost entirely denuded In a 
few places it was intact but necrotic and infiltrated with polymorphonuclear leuko- 
cvtes The submucosal blood vessels were distended with red blood cells, and the 
connective tissue was infiltrated with polymorphonuclear leukocytes, lymphocytes 
and monocjtes 
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Sections of the esophageal mucosa showed it to be completely desquamated, 
the microscopic picture of the submucosal tissue was similar to that seen m the 
tongue The thyroid and parathyroid glands were normal 

Microscopic sections of the skin showed complete denudation of the epithelium, 
with only a few scant sheaths remaining in various areas In some regions the 
superficial layers remained but appeared lifted up in blister-like formation In 
the corium there was a scant, diffuse infiltration of cells, mainly lymphocytes and 
polymorphonuclear leukocytes, with an occasional eosinophil In areas where the 
epithelium was still attached, it appeared as a pmk-stammg layer m which the 
cellular outline was barely visible 

REVIEW OF THE LITERATURE 

As has been mentioned previously, theie have been few cases 
reported in which toxic symptoms followed the cutaneous application of 
iodine in alcoholic solution The cases which have been repoited may be 
summarized as follows 

Culpeper’s case, which was reported in 1888, was the first one that 
could be found A child of 11 suffering from eczema ( ^) of the legs 
had 2 drachms (8 Gm ) of tincture of iodine applied There was imme- 
diate local pain, followed in twenty-four houis by lumbai and general- 
ized pain, abdominal pain and diarrhea A starch test showed that the 
stools contained iodine (This is evidently an enor, since iodine is 
absorbed and excieted solely as iodide) There was no fevei, but 
diarrhea was piogiessive, the stools becoming practically pure blood 
by the fifth day There were anuria, priapism and extreme veitigo 
without mental confusion The patient died six days aftei the 
application 

The next two cases are those cited in the textbook of Stokvis and 
by Bioe These patients had an extensive pi untie eiuption and seveie 
lodism following small local applications of an alcoholic solution of 
iodine, the symptoms including coryza, edema, dyspnea, headache and 
syncope, which persisted for several days 

The next two cases were reported separately by Bielsalsky and by 
Moszkowicz at the annual meeting of the German Sui gical Congress 
m 1911 In both the symptoms followed the use of tmctuie of iodine 
as a cutaneous prepaiation for Forster’s operation (section of several 
doisal roots) Severe suppuiative dermatitis developed, and the patients 
died No furthei details were given m the repoits 

10 Culpeper, W O Acute Iodine Poisoning, Therap Gaz (sect 3) 4 225^ 
1888 

11 Stokvis, B J Legons de pharmacotherapie. Pans, O Dom, 1905, p 213, 
quoted by deBroe 

12 Bielsalsky Foerster’sche Operation, Verhandl d deutsch Gesellsch 
f Chir 39 34, 1910 

13 Moszkowicz, L Foerster’sche Operation, Verhandl d deutsch Gesellsch 
f Chir 39 40, 1910 
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deBroe in 1911 ^^rote a review of these cases, including in it a 
hitherto unreported case of an unnamed medical officer and a case of 
his own In the former case tincture of iodine (this was the prepara- 
tion mentioned in the French pharmacopeial “Codex,” and contained 
10 per cent free iodine) had been applied to the knee for some minor 
complaint The application was followed by fevei, malaise, delirium 
and “symptoms of peritonitis,” all of which lasted forty-eight hours 

Broe’s own case is of great interest The patient was a healthy 
soldier on whom inguinal herniorrhaphy was performed, 10 per cent 
tincture of iodine being used in the preparation of the skin The day 
following the operation, which had been uneventful, the patient had a 
slight cough and a few coarse rales in the chest An iodine dressing 
was applied to the chest as a counterirritant During the following night 
the patient began to have intense itching of both sites where iodine had 
been applied (the operative site had been cleaned with alcohol aftei the 
application of iodine) On the second postoperative day there was 
brilliant erythema of the itching areas, which extended beyond the 
borders of the sites to which iodine had been applied Slight fever, 
conjunctivitis and lacnmation were present Soothing diessings weie 
applied, but the eiythema spread rapidly, moderate desquamation began 
to appear over the sternum The patient became thirsty The con- 
junctivitis and lacnmation became more intense, the patient began to 
make convulsive movements which necessitated restraint, the stools 
became loose and there was incontinence The temperature rose to 
40 3 C (105 F ), divergent strabismus appeared, the patient became 
comatose, dyspneic and cyanotic, and death occurred on the third 
postoperative day Autopsy revealed, besides the cutaneous lesions 
mentioned, some pulmonar}'^ congestion, splenomegaly and slight hepato- 
megaly, the liver weighing 2,500 Gm 

Happel m 1921 reported a case of somewhat different type but one 
m which an extreme idiosyncrasy was shown A woman of 50, after 
suprai aginal hysterectomy, had less than 1 drop of tincture of iodine 
applied to the cervical stump for purposes of cautery, seventeen hours 
after the operation the patient had intense itching and burning of the 
skin and swelling of the face and hands When she saw wheals on hei 
body she said, “They used iodine on me ” The nurse told her that a 
tnnitrophenol preparation had been used on the skin, but the patient 
insisted that iodine had been used somewhere, saying that she had had a 
similar experience nine years previously after the application of tincture 

14 deBroe, Patris Intoxication lodique mortelle consecutive a 1‘emploi de 
la teinture d’lode pour la sterilisation pre-operatoire de la peau, Arch de med et 
pharm mil 57 96, 1911 

15 Happel, HE A Case of Unusual Susceptibility to Iodine, J A H A 
76 1164 (April 23) 1921 
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of iodine to liei neck The lash was a geneialized mticaiia, which was 
quickly leheved with small doses of epmephiine 

Biyan leported the case of a man of 52 who had an abdominal 
opeiation The skin was piepaied with half-strength tinctuie of iodine 
Twenty-foui houis later an urticarial rash, moderate anuiia and ceiebial 
symptoms developed, and the patient was moderately toxic Recoveiy 
was complete, but it was found latei that his life had been despaired of 
on a pievious occasion, after the application of iodine to an infected aim 
RowelP" in 1923 reviewed scA^eial cases and lepoited the case of a 
man aged 55 Half -strength tmctuie of iodine had been used to prepaie 
the skin foi lapaiotomy and hei nioi rhaphy On the afteinoon of the 

day of opeiation the patient’s tempeiatuie and pulse late rose, and he 
began to show signs of shock On the hist postoperative day fever and 
modeiate shock peisisted He improved slowly for the next few da 3 ^s, 
his temperatuie falling, but on the fifth postoperative day he nas much 
worse The aieas to which iodine had been applied had become puiple, 
and these lesions slowl}' spread The tempeiature rose, the patient 
became incontinent and hemorihagic blebs began to appeal on the 
extremities The stools became watery On the eighth postopeiative 
day the skin of the entiie abdomen was purple, and blebs weie more 
numerous on the legs and feet The patient became niational and died 
on the ninth postoperative day, just befoie death purple petechiae 
appealed over the face and thorax The uiine was normal Piogressive 
anemia and marked leukocytosis weie noted Chemical analysis of the 
blood revealed no abnormality The clotting time was between six and 
seven and one-half minutes The autopsy showed essentially no 
abnormality, except for an adenocarcinoma of the stomach iMth local 
metastasis 

Chfiford saw a patient who, after the application of tinctuie of 
iodine to the AMist and foreaim, showed local eiythema and vesication, 
but this was followed by a scarlet urticarial eiythema of the face and 
neck The lesions all disappeaied, but the leapphcation of iodine months 
later to a cut fingei caused vesication and the foimation of bullae on the 
hands and arms bilateially, with eiythema of the light pectoial legion 
GallH® in 1929 repoited on a woman aged 27 who had had tincture 
of iodine applied to the shoulder, with sudden and diamatic results A 

16 Bryan, R C One Hundred Prostatectomies, Virginia M Monthly 48 * 
338, 1921 , personal communication to Rowell i’’ 

17 Rowell, H G The Surgical Importance of Iodine Idiosyncrasy and 
Poisoning, Surg , Gynec & Obst 36 219 (Feb ) 1923 

18 Clifford, S H Iodine Hypersensitization, Boston AI & S T 195 931 
(Nov 11) 1926 

19 Galli, A Intossicazione acuta per apphcazione percutanea di tinctura di 
jodio, Gazz d osp 40 1299 (Oct 6) 1929 
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Molent burning occmred at the site of application, and ^\lthln less than 
fi\e minutes the patient became nauseated and vomited She had a 
violent headache, malaise, piecordial pain, dyspnea and cough and 
experienced a sense of impending death When Galh saw her she was 
comatose and d}Spneic and was vomiting involuntarily, her pulse was 
vcak and thready Aftei appropiiate stimulation and lemoval of the 
excess iodine with alcohol, the patient slowly recoveied Thiee days 
later redness and swelling of the conjunctivae and the phaiyngeal and 
buccal mucous membianes weie noted There was cervical and axillary 
lymphadenopathy A punctate erythema covered the entire body, and 
there veie swelling and redness of the external genitalia, especially the 
urethral meatus The patient slowly recovered The urine was shown 
to contain iodide The patient had never pieviously used iodine in 
an} form 

Alexandei repoited the case of a 37 year old voman who had 
cutaneous pieparation of 2 5 per cent iodine m alcohol twenty-foui 
hours before heiniorrhaph} was performed and again at the time of 
opeiation On the fiist postopeiative day some itching and ledness 
of the prepaied area were noted On the second day the entiie area was 
purple, with an occasional white spot The temperature rose to 103 F 
and the pulse rate to 140 The patient became delirious and died on the 
third day postopei atively The urine and stools were iioimal, and leuko- 
cytosis was slight There was, piesumably, no autops} 

Bienas and WeiS“^ repoited a case in which tinctuie of iodine had 
heen applied to the oozing umbilicus of a 4 year old child Within a 
few hours violent erythema appeared which spread lapidly, and within 
three da}s extensive er}thematous and bullous lesions coveied the entire 
abdomen, the chest and the inner aspect of the thighs No mention was 
made of s}stemic disturbances 


COMMENT 

The application of tmctuie of iodine to the skin can hardly be called 
a hazardous proceduie, since the incidence of systemic leactions i? 
apparently Ion^ However, the symptoms and signs of systemic reaction, 
once they appear, aie strikingly similar, as shown m table 1 Many of 
the case repoits presented aie, unfoitunately, lacking in many essential 
details, but a tabulation of the available data is presented in table 2 
It may be seen that in most cases ordinary tmctuie of iodine was 
employed The U S P tmctuie contains 7 5 pei cent fiee iodine, but 
some foieign pieparations contain 10 pei cent 

20 Alexander, R C Fatal Dermatitis Following the Use of Iodine Spirit 
Solution, Brit kl J 2 100 (July 19) 1930 

21 Brenas and Weis, quoted by Bory, L Les iodides cutanees, Progres med , 
Tune 23, 1934, p 1046 
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The lapse of time before systemic reactions appeal is apparently less 
than twenty-four hours In one case (Galh) they appealed immedi- 
ately , this patient evidently had a real hypei sensitivity to iodine, and hei 
symptoms were those of acute anaphylactic shock, followed by s}mptoms 
of lodisni and a cutaneous lash Rowell’s case probably falls in this 
same class In the lemaming cases the lapse of time between application 
of iodine and systemic symptoms was greatei , however, although the 
immediate reaction was not as pronounced, the subsequent leaction was 
appaiently as seveie as m the others 


Table 2 — Tabulalion of Data 


Preparation of iodine empiosed 
Full strength tincture 
Half strength tincture 
Alcoholic solution, strength not speeifled 


I’lme elapsing before sjstemic sjmptoms appeared 
Immediateli 
Up to 6 hours 
Up to 12 hours 
Up to 24 hours 
Over 24 hours 
>'ot specified 

Types of eruption 
Urticarial 
Erythematous 
Hemorrhagic or purpuric 
"Suppurative" 

Exfoliative dermatitis 
None 

Involvement of mucous membranes 

Principal symptoms 
Delirium 
Fever 
Diarrhea 
Pam 

Headache 

Edema 

Icrminal symptoms 
Dyspnea 
Incontinence 
Oliguria or anuria 
Cyanosis 

Mortalitj rate 


Ko of 

Cases Percentage 


10 

2 

o 

o 


1 

0 

1 


0 

C 


4 

4 

2 

2 

1 

2 

3 


0 

3 

4 
3 

o 

3 


4 

2 

2 

o 


40 9 


Two of the cutaneous i ashes were definitely uiticaiial, two weie 
specified as being merely pruiitic, and foui were eiythematous , one of 
the lattei was pruritic The urticaria is suggestive of an “alleigic” type 
of sensitivity, whereas the erythemas aie of the type commonly asso- 
ciated with drug sensitivity The two purpuric i ashes were definitely 
suggestive of iodide leaction Unfoitunately, the i ashes teimed 
“suppurative” are not explained m detail 

The case reported m this paper is the only one in which one of the 
severest, if not the most severe, types of cutaneous leaction was noted, 
namely, exfoliative deimatitis Whethei this leaction was due to the 
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lodine-tuberculosis relationship is an inteiesting question Lass““ 
demonstrated that the intracutaneous administration of a solution of 
sodium iodide to normal subjects caused no reaction, whereas nine of 
fifteen patients with pulmonary tuberculosis so tested showed local 
reddening and wheal formation The reason given for the avoidance 
of iodides in tuberculosis is that the iodides facilitate lysis of the tissue 
formed by inflammatory reaction, thus facilitating the spread of the 
tubercle bacilli, but Lass’ work and the case of exfoliative dermatitis 
presented seem to indicate that there may be dther factors which must 
be taken into consideration The fact that the patient with exfoliative 
dermatitis did not show any reaction to iodine until several applications 
had been made suggests that sensitivity was being established which 
finally manifested itself in severe cutaneous and systemic disturbances 
In five of the fifteen cases coryza was associated with lodism, thus 
making it conclusive that the reaction was due to iodine As has been 
stated previously, these persons must have been extremely sensitive, as 
the total minimal dose of iodine in the form of potassium iodide required 
to produce symptoms of lodism is from 60 to 75 grains ^ (3 8 to 
4 8 Gm ) , and in these persons milligram quantities were used 

To attempt to explain the symptoms and signs in these cases would 
be entering the realm of pure speculation The usual explanation of the 
cause of death when large doses of iodide have been employed is that the 
iodide alters the colloidal equilibrium of the blood That explanation is 
not tenable in the cases presented here, as the concentration of iodide 
in the blood stream must have been relatively minute I believe that in 
the present case death was attributable to the exfoliative dermatitis 

SUMMARY 

A case is presented in which there were several local and general 
cutaneous manifestations and severe systemic symptoms, including 
lodism, following repeated local applications of tincture of iodine to the 
skin, and which terminated fatally after the development of exfoliative 
dermatitis 

A survey of available literature shows reports of fourteen cases of 
hypersensitivity to cutaneous applications of an alcoholic solution of 
iodine to the skin Toxic manifestations were cutaneous and systemic 
The mortality rate was 46 9 per cent 

22 Lass, E Jod- und Histammempfindlichkeit der Haut bei Tuberkulosen, 
Ztschr f Tuberk 67 350, 1933 
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SAN FRANCISCO 

Plague has become a permanent pioblem m the western states ^ In 
fact, the investigations of 1935 and 1936 have conclusively shown that 
the endemic reservoir m the ground squirrel (Citellus beecheyi), first 
suspected in 1904 and proved m 1908 in California," now embiaces large 
territories and new species of rodents (Citellus oregonus, Citellus 
armatus, Citellus Columbianus, Citellus grammurus, Citellus Richard- 
soni, Marmota flaviventris, Eutamias quadnvittatus and Cynomys parvi- 
dens) in Oregon, Idaho, Nevada, Utah and Montana Renewed inteiest 
created by the discovery of extensive and destructive epidemics among 
squirrels m the foothills of the Sierra Nevadas and the recesses of the 
Warner Mountains in northeastern California in 1934 has doubtless 
been responsible for the recognition of a few cases of plague m human 
beings These infections must be interpreted as accidents, as they 
involve occupational groups or vacationists who have in one way or 
another come m contact with animals Thus, a sheep herder, who in 
1934 was employed on a desert near Lakeview, Ore contracted bubonic 
plague In 1935 a 10 year old boy in California and a 7 year old boy 
in Utah had bactenologically proved “pestis minor infections” of the 
axillary lymph nodes after handling brush rabbits or squirrels Another 
case of plague in a veterinarian is interesting from an epidemiological 
point of view, since the sources of Pasteurella pestis have not been 
conclusively established, although newer knowledge indicates a much 
wider distribution of infected fleas than was formerly anticipated 
It IS our purpose m this communication not to discuss the many riddles 

From the George Williams Hooper Foundation and the Department of 
Pathology and the Department of Pediatrics, the University of California Aledical 
School 

1 Meyer, K F , and Eddie, B California & West Med 43 399, 1935 

2 Wherry, W B J Infect Dis 5 485, 1908 

3 Levin, William Northwest Med 34 161, 1935 
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\\lnch the problem of plague in uild rodents— syh atic plague— offers 
in its relations to man but to piesent the histoiy of a patient uith 
chronic bubonic plague with latent meningeal localization and death 
on the one hundred and twent}-fiist day after onset and isolation of 
fully virulent P pestis fiom the hi am and its coveiings In all proba- 
bility the boy contracted the infection while playing in an area in which 
lodent plague was epizootic The histoiy biiefly is as follows 

REPORT OF A CASE 

Hutoiy — C P a boy aged 10 years and 5 months, was admitted to the 
Unnersity of California Hospital on Oct 15, 1934 He died on October 22 The 
chief complaint was fever, anorexia and vomiting of one week’s duration after 
coinalescence from bubonic plague 

The family historj was essentially unimportant 

The patient lived on a ranch about 5 miles (8 kilometers) north of Porterville, 
Calif On June 1 the family went to a ranch 10 miles (16 kilometers) beyond 
White Rner m the Posey Creek country, which is m a plague area On June 19 
the boj complained of being ill with nausea and vomiting , he had a high fever and 
was delirious at times No diagnosis could be made by the local plnsician who 
saw him at that time On June 20 the fever continued to be high He was still 
irrational at times and complained of double vision He was considerably troubled 
with mucus m the throat and some pains m the right shoulder 

About noon on June 21 he was brought home and put under the care of 
Dr Walter W Tourtillott At that time the temperature was 104 F The patient 
seemed confused mentally and had definite diplopia, a rapid, thready pulse and a 
normal respiratory rate He complained chiefly of pain m the shoulder, particu- 
larly in the axillary region The right axillary fossa was fuller than the left, and 
a large painful node (the size of a walnut) w'as palpated It was definitely tender 
The reflexes were normal and equal There was no suggestion of a Kernig sign 
or stiffness of the neck There was no rash of any sort The throat was reddened, 
and the tongue was coated No other physical findings were noted except possible 
hoarseness During the day, with forcing of fluids and flushings, the fever subsided 
somewhat, and it seemed that the general condition improved The boy was given 
50 cc of w'hole blood from his father, on the assumption that the disease might 
be anterior poliomyelitis 

When seen at 1 p m on June 22 the boy did not seem to be acutely ill He 
W'as entirely rational, and there was nothing unusual about his voice The fever 
W'as slight (the temperature being 100 or 101 F ), and the quality of the pulse 
was good He was perspiring moderately, but owing to the weather this probabh 
W'as not unusual Casual inspection revealed no difficulty m breathing, no signs 
of rash or m]ur^ and nothing unusual except a tendency to protect the right axilla 
and limit the motion of the right arm The reflexes were normal, and there 
were no signs of muscle weakness The right axilla bulged slightly, and a few 
small nodes (the size of a pea) could be palpated The axillary region was still 
tender The submaxillarv, anterior and posterior cervical, left axillary and inguinal 
Ijmph nodes were not palpable On the right cheek at the angle of the mandible 
a small lesion, apparently an insect bite, w'as noted The boy said that a “kissing 
bug ’ had bitten him there about a week previouslv Blood smears were made, 
and blood for culture and agglutination was taken 
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On June 24 the bo 3 ’’’s temperature rose to over 105 F On June 25 it was over 
106 F , and on the morning of June 26 it reached 107 6 F rectally, with a septic 
swing Even with the high fever the boy was only mildly confused Dehydration 
was not marked The appearance of the right axilla had changed considerably 
The skin presented a reddened brawny induration, and the underlying tissues were 
tense, swollen and exceedingly tender The patient cried out with every movement 
of the right arm The cervical lymph nodes on both sides weie swollen, tense 
and painful 

A blood count made at that time m a local laboratorj’' showed 20,000 leukocytes, 
with 95 per cent polymorphonuclears, 64 per cent hemoglobin and 3,450,000 
erj'^throcytes A blood culture in dextrose broth also was made, and as the boy 
was raising some thick mucus, a specimen of sputum was examined 

On June 27 Dr W FI Kellogg, chief of the bureau of laboratories of the state 
department of public health, reported that he had succeeded in isolating a pure 
culture of the plague bacillus from the blood cultures 

The swelling under the arm receded at first and then became more noticeable, 
the edema extending down the side On June 29 redness developed along the 
tendons of the biceps, and the abscess opened spontaneously, exuding a thick, 
gelatinous pus Smears of this pus were nearly solid with P pestis This bubo 
continued to discharge until about September 1, when it healed The nodes in 
the neck receded without suppuration No enlargement of the spleen or liver 
was evident at any time 

At the end of about three weeks (on July 16) the child again became severely 
ill (fig 1) and complained of a stiff neck and pain in the back He had a headache, 
and the Kernig sign was present He became unconscious Spinal puncture 
showed 105 leukocytes, with 80 polymorphonuclear cells At that time smears and 
cultures were sterile During this period the boy was given saline and dextrose 
solution intravenously and rectal feeding He gradually improved until September 
13, when the temperature became lower and he was sitting up in bed, eating well 
and gaining weight On September 13 the quarantine was raised, and the nurses 
were dismissed The patient still had a low grade septic temperature, but the 
improvement was so marked that it Avas felt that the danger of contagion had 
passed and that the parents could care for him 

During the first Aveek of October (October 8) he again became acutelj^ ill 
This attack Avas characterized by a high temperature, delirium at times, vomiting, 
headache in the frontal and suboccipital region and rigiditj of the neck 

On entrance to the hospital, eight days later, he Avas emaciated and shoAved 
marked tremor of the hands and feet, fibrillary muscle tAvitching, marked hyper- 
esthesia and extreme pallor There Avere soides on the gums, slight general 
lymphadenopathy, healed scars m the right axilla and healed areas over the back 
The heart and lungs Avere essentially normal, and the spleen AA^as palpable just 
beloAv the costal margin All the deep reflexes Avere liA'peractn'e but apparently 
equal There Avere unsustained clonic ankle movements, generalized ataxia of the 
hands and slight cervical stiffness, and there seemed to be definite mental con- 
fusion, Avith, at times, complete aphasia 

Labojafoiy Data — Tests showed that the blood of the patient AA'as of type II, 
that of the father, of type II, and that of the mother, of type IV The blood of the 
parents Avas compatible 

On October 20 examination of the spinal fluid reA'ealed that it Avas yelloAv and 
under increased pressure It contained 425 cells, with 84 per cent lymphocytes, and 
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the Pandj reaction \\as 4+ Direct smear showed short gram-negative rods 
On October 21 there were 352 cells, with 82 per cent lymphocytes, and the Pandy 
reaction was 4-f- A smear showed the same organisms as had the previous 
specimen 

When the patient was admitted a blood count showed hemoglobin, 98 per cent , 
erj^throcytes, 6,590,000, leukocytes, 11,900, with neutrophils 70 per cent, eosinophils 
2 per cent, basophils 1 per cent, small lymphocytes 11 per cent, large lymphocytes 
5 per cent, large monocytes 6 per cent and myelocytes 6 per cent On October 17 
a blood count showed hemoglobin, 95 per cent, erythrocytes, 4,990,000, and 
leukocytes, 13,800, with 94 per cent neutrophils The blood serum in a dilution 
of 1 320 agglutinated a strain of P pestis (m a solution of formaldehyde) 

Chemical analysis of the blood showed carbon dioxide content of the plasma, 
62 5 volumes per cent , plasma chlorides, 553 41 mg per hundred cubic centimeters , 
serum calcium 10 6 mg , and serum phosphorus, 3 14 mg Urinalysis revealed no 
abnormality 

Ticaliiicut — Transfusions, continuous intravenous injection of dextrose, clyses 
and sedatives were employed 

Course — ^The patient was in a critical condition on entry and in spite of symp- 
tomatic therapy continued to fail, having periods in which his condition seemed to 
be improving but after which he would again lapse into unconsciousness Although 
he was afebrile for the first few days, his temperature continued to rise and reached 
41 5 C (106 F ) at the time of death on October 22, one hundred and twenty-one 
days after the onset of the illness 

Gloss Postmortem Examination — The autopsy was performed four hours after 
death Only the significant observations will be given here 

Skin The skin over the back, especially in the lumbar region, was marked 
by numerous small scars resembling healed abscesses There were scars likewise 
in the right axilla 

Lymph Nodes The mesenteric lymph nodes and other lymph nodes throughout 
the body were essentially of normal size 

Spleen The spleen was moderately enlarged, Aveighmg 200 Gm It was dark 
blue-gray and soft, with rounded edges The cut surface was red and mushy, 
and considerable pulp could be scraped off with a knife Except for purulent 
bronchitis and early bronchopneumonia, the only other pathologic condition, in 
addition to that in the spleen, was in the brain 

Brain The dura was tense, and the convolutions were markedly flattened, 
indicating that there had been marked intracranial pressure The pia-arachnoid 
was thickened and opaque, particularly in the region of the pons, the inferior 
portion of the cerebellum and the base of the cerebrum The lateral and third 
\entricles ivere markedly distended with cloudy, slightly yellowish fluid A thick 
gelatinous exudate was attached to the walls of the lateral ventricles The choroid 
plexuses were particularly reddish gray, soggy, SAvollen and covered with an 
exudate similar to that in the other portions of the ventricles The aqueduct of 
Sylvius, below the level of the superior colliculus, appeared to be occluded by 
white and somewhat granular tissue resembling the exudate in the ventricles 
The fourth ventricle contained numerous small punctate hemorrhages The spinal 
cord, below the medulla, appeared to be normal 

The significant gross features, therefore, were the moderate enlargement and 
softening of the spleen and the intense swelling of the brain, due to internal 
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hydrocephalus and ventriculitis, with the exudate in the pia-arachnoid at the base 
In addition, the bone marrow of the femur was dark red and hyperplastic The 
lymph nodes had returned to normal size 

Micioscopic Postmoitem Examination — Spleen The spleen throughout had 
the appearance of early autob''sis, resembling to some extent an infarcted spleen, 
that IS to say, the cells and tissue in general did not stain as noimal cells should 
The splenic corpuscles were remarkably small, and the lymphoid cells comprising 
them were scattered for some distance into the pulp The sinusoids were markedly 
distended with red blood cells and contained an increased number of monocytes 
and polymorphonuclear cells The pulp, in general, was definitely increased The 
change was not marked enough to be typical of acute plague, but there was a 
definite resemblance It looked like an early rather than the late change one 
might have expected 

Brain Sections from the cortex showed moderate cellular infiltration into 
the meninges, and in places these cells followed the blood vessels into the cortical 
tissue Sections from the lateral ventricle showed marked cellular infiltration 
beneath the ependyma Many of these cells were young mononuclear cells 
resembling lymphocytes, others were macrophages, and a few polymorphonuclear 
cells were seen Adjacent to the ventricular wall there was marked necrosis of 
the cortical tissue, associated with macrophage infiltration and round cell accumu- 
lations around the blood vessels (fig 2) A section of the choroid plexus showed 
remarkable infiltration with the same types of cells described, with a thick exudate 
on the surface of the plexus (fig 3) Other sections showing the pons, aqueduct 
of Sylvius and fourth ventricle indicated that the infection had passed throughout 
the ventricular system and in all places had infiltrated beyond the surface of the 
ependyma Everywhere there was the necrosis described in the neighborhood of 
the lateral ventricle The most pronounced meningitis was in the region of the 
pons and cerebellum 

Bacteuologic Postmoitem Examination — Culture of material from the axillary 
lymph nodes was sterile Culture of pulp from the spleen showed five colonies of 
COCCI The heart blood was sterile Culture of bronchial mucous parenchyma 
showed staphylococci, streptococci and diphtheroid bacilli 

Spinal fluid removed from the right ventricle and centrifugated showed sedi- 
ment on blood agar slants There were numerous gram-negative bipolar, 
pleomorphic rods Pure culture of the spinal fluid was agglutinated by P pestis 
antiserum and biochemicallv behaved like P pestis 

A guinea-pig inoculated percutaneously with culture lost weight When killed 
on the seventh day the animal showed left inguinal and iliac buboes and several 
metastatic lesions in the liver and spleen Culture revealed P pestis 

The choroid plexus was emulsified in broth (10 per cent) and injected sub- 
durally into two guinea-pigs (left side) The first animal showed left hypopyon, a 
loss in weight and anorexia It was Idled on the thirteenth day and showed 
leptomeningitis, left hypopyon, submaxillar 3 r, cervical and left axillary buboes, 
and metastatic nodules in the lungs, spleen and (one only) liver P pestis was 
isolated bacteriologically and culturally from the brain, eve and lymph nodes The 
second guinea-pig showed typical plague marasmus It was killed on the seven- 
teenth day and showed cervical, submaxillary and auricular buboes, leptomeningitis 
and metastatic nodules in the spleen (two only) and liver (one only) Cultures of 
material from the lesions yielded a few colonies of P pestis 

The strain of P pestis isolated from the meninges of this patient when passed 
by the cutaneous route fatally infected guinea-pigs in four or five days In 



Fig 1 — Chnical record of C P , aged 10 years, of Tulare County, Calif , who 
had bubonic plague From September 13 to October 15 no record was available 
The black dots in the graph for the temperature indicate oral readings, and the 
circles indicate rectal readings 








Fig 2 — Photomicrograph showing the epend 3 'mal surface and subependj^mal 
tissue of the lateral ventricle Most of the ependymal cells have sloughed away, 
and cellular infiltration and necrosis of the underlying tissue and perivascular 
accumulations of cells as in acute encephalitis are noted 



Fig 3— Photomicrograph of the remarkably thick exudate in the choroid 
plexus of the lateral ventricle 
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comparison with other cultures of P pestis of squirrel origin, the human strain 
possessed an average degree of infectiousness 

Diagnosis — In view^ of these observations the following diagnosis is fulW 
justified chronic bubonic plague of a secondar 3 ’^ latent meningeal type contracted 
through a flea bite w'hile the patient w'as near White River (Posey Creek) some 
time betw'cen June 5 and IS, 1934 

COMMENT 

In the past in the clinical and anatomic descriptions of plague the 
disease process has been classified, according to mildness or severity, as 
pestis minor, pestis major and pestis siderans oi pestis fulminans 
Cases of pestis minor included cases m wdiich there was mild involve- 
ment, always ending in lecoveiy, while cases of pestis major comprised 
those of severe pestis fulminans, with a lapidly fatal couise The 
classification now adopted is one which is based more or less on the 
particular system of the body invaded by the plague bacillus Thus, 
plague IS reported as bubonic, septicemic and pneumonic, according to 
whether the glandulai , circulator}’- or respiratory system is involved In 
addition, a description of the caibuncular, intestinal and cerebral types is 
given sometimes m ordei to stress certain pronounced systems Aftei 
all, these classifications are based on artificial descriptions, representing 
merely different signs or degrees of one disease, all the cases including 
mam features of a common likeness In 70 to 80 per cent of cases 
buboes are noted, and piovided an adequate sample of blood is taken, 
the plague bacillus may be demonstiated m the ciiculatorj^ system On 
the other hand, m a septicemic type pneumonia may develop and become 
septicemic or bubonic or both It must be emphasized that there are 
few diseases which present a greater variety of manifestations than 
plague As it may show variations fiom a mild to a severe attack, from 
a prolonged illness to death within a few hours or from a malady accom- 
panied -vvath great mental abei ration to one with many of its diagnostic 
sjmiptoms absent, there is fiequently difficulty m realizing at first that a 
patient is suffering from infection with P pestis For descriptive pur- 
poses plague may be clinically divided into plague wnth buboes and 
plague without buboes Again, this distinction is not accuiate, since in 
all forms of plague the lymphatic system is more or less affected, and 
although this may not be recognized during life, it is invariably observed 
post mortem Frequently superadded to the symptoms pecuhai to the 
several varieties of plague are disorders of the nervous system, notabl) 
paialjsis of the vagus and recurient nerves Aphasia, ataxia, dementia 
and hysterics are most common, and although they aie generall} tem- 
porary, they may become peimanent Signs of menmgismus due to an 
inciease in the spinal fluid piessure have frequently been reported As 
early as 1899 Calmette and Sahmbem called attention to the clinical dis- 



MEYER ET AL— MENINGEAL PLAGUE 


975 


tinction between the occasional nervous symptoms caused by the toxins 
of P pestis which accompan}^ all forms of plague except the most mild 
and those induced by the direct localization of the organism in the 
meninges or in the brain substance They fully corroborated the pre- 
vious observations of Gnesmger ^ and others made on patients with pro- 
nounced psychic symptoms but no actual cerebral infection A perusal 
of the available histones on plague leaves no doubt that true meningitis 
is rare Moreover, when the condition has been found, it has been 
acute, and the infection has not lasted for longer than one month The 
following case reports, presented chronologically, are available 

The Austrian Commission (Albrecht, Chon and Muller reported 
on a series of 80 clinical cases (with 48 autopsies) m which there was 
1 case of plague meningitis ® 

A 35 year old Hindu was admitted to the hospital on the tenth day of illness 
He was free from headache or stiffness of the neck On the twelfth day clonic 
twitching and a disturbed sensorium developed Death occurred on the fifteenth 
day Examination of the brain revealed a clumped purulent exudate in the vicinitj’’ 
of the pons and on the surfaces of the cerebellum The meninges were edematous 
and dull The ventricular fluid was turbid with yellowish flakes, and the thickened 
plexuses were covered with a greenish yellow exudate The brain substance was 
soft and sparsely studded with hemorrhages Plague bacilli were demonstrated 
bacteriologically and by culture 

The German Indian Plague Commission" (1897), in a series of 376 
histones, listed 4 cases m which there was meningeal localization of 
P pestis 

Case 1 — A 16 year old boy died on the third day of illness with meningitis 
At autopsy the dura was tense, and hemorrhages were present Ihe veins of the 
meninges were filled with blood, and m the region of the frontal lobes they were 
embedded m turbid whitish yellow gelatinous fluid The brain was covered with 
cell-rich bloody material The basal ganglions were dark gray-red In the pons 
and medulla were large petechiae, and the ventricular surfaces were injected 

Case 2 — A woman of 30 died on the twenty-second day of illness Separation 
of the meninges revealed a cell-rich exudate The organisms were isolated in 
culture The dura was tense The sinuses were filled with dark violet blood 
The inner surface of the dura was shiny, and the pia mater was congested This 
was also the case with all the blood A^essels The lateral ventricle supplied about 
30 cc of yellowish serum The choroid plexus was pale red 

Case 3 — A 13 j^ear old girl died fifteen days after the onset of illness At 
autopsy essentially the same lesions were noted as m the other cases 

4 Gnesmger, W, m Virchow, R Handbuch der speciellen Pathologic 
und Therapie, Erlangen, F Enke, 1857, vol 2 p 217 

5 Die Beulenpest m Bombay im Jahre 1897, Denkschr d k Akad d Wis- 
sensch Wien (pt 1) 66 122, (pt 2) 287, 1898 

6 Footnote 5, pt 1, pp 122 and 197, pt 2, p 287 

7 Bericht uber die Thatigkeit der zur Erforschung der Pest m Jahre 1897 
Indien entsandten Kommission, Arb a d k Gsndhtsamte 15 16, 1899 
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Case 4 — Meningitis and encephalomeningitis were piesent in this case Onlv 
the anatomic diagnosis was made The age of the patient, the duration of the 
illness and other details were not guen 

Calmette and Salimbeni ® lecoided 3 cases, 2 accompanied with 
meningitis and 1 with meningo-encephalitis 

C VSE 1 — A w'oman w ith meningitis entered the hospital on the seventh dav 
of illness and died tw'o weeks later At autopsy the lesions at the base in the 
meninges were in the nature of a fibrinous exudate in the process of organization 
In the exudate rare organisms were obser\ed, but culture gave many colonies 

Case 2 — A child aged jears entered the hospital on the second day of 
illness with a light inguinal bubo There w'ere all the characteristic symptoms 
of meningitis — opisthotonos, strabismus, dilatation of the pupils, delirium, cramps 
in the tendons ot the arms, flexion of the limbs and fibrillary movements of the 
muscles of the face This patient w'as treated with serum, and ten days later the 
buboes were incised Perfect recover}’- followed 

Case 3 — A man of 25 entered the hospital with a right inguinal bubo He 
was in a wildly delirious state wdiicli necessitated control by force The next 
day and night there were hallucinations of sight and hearing, and he was unable 
to recognize friends The next night he fell into a comatose state and died At 
autopsy generalized memngo-encephalitis was present The subarachnoid spaces 
were severely affected and contained many plague bacilli The gray as well as 
the w'hite substance of the cortex w'as greatlj congested There was mild edema 
of the entire cerebrum 

In a senes of 16 autopsies Durck” noted 1 case of primaiy plague 
pneumonia associated wnth fiesh puiulent leptomeningitis Lafont, 
Lecomte and Heckenioth examined a native of Dakai, French West 
Africa, wdro had been picked up unconscious The spinal fluid consisted 
of thick lopy purulent yellow exudate teeming wuth plague bacilli The 
patient died twenty-four houis attei entiance into the hospital The 
careful report b} Crowell on 75 autopsies details the histones of the 
following cases of plague meningitis 

C\sr 1 — An 18 year old bov was said to hate been ill for a month Autopst 
retealed certical retropharyngeal buboes, bronchopneumonia, acute parenchymatous 
degeneration of the tiscera and acute splenitis The description of the brain is 
gnen terbatim “The meninges over the hemisphere are dry, and the convolutions 
are flattened At the base of the brain, about the circle of Wilhs and ventral to 
the pons, is found considerable greenish-j'^ellow pus The lateral ventricles contain 
a turbid, slightly greenish fluid mixed with a thick, stringy, greemsh-yellow’ pus, 
w’hich IS adherent to the floor of the -v entricles, especially at the region of the 

8 Calmette, A , and Salimbeni, A T Ann Inst Pasteur 13 865, 1899 

9 Durck, H Munchen med Wchnschr 49 550, 1902 

9a Lafont, A , Lecomte, ^ , and Heckenroth, F Bull Soc path exot 8 92, 

1915 

10 Crowell, B C Philippine J Sc 10 301, 1915 
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choroid plexus, which is completely enveloped in the exudate The floors of 
the ventricles are thickl}'' covered by this shaggy mass The third and fourth 
ventricles contain a slightly turbid fluid ” 

Case 2 — A 19 year old girl had been ill for two weeks At death the anatomic 
diagnosis included acute suppurative lymphadenitis (primary bubo) of the right 
axilla, acute ependymitis and leptomeningitis, acute degeneration of the kidneys, 
liver and spleen, chronic fibrous pleurisy and pregnancy of six months The 
description of the brain was as follows “The cerebral leptomeninges contain a 
slight excess of fluid which appears slightly turbid On opening the right lateral 
ventricle, it is found to contain a considerable amount of yellowish-gray pus 
The choroid plexus is large and soft The left choroid is smaller, but also 
surrounded by grayish exudate The fourth ventricle is apparentl}, free The 
brain substance is pale and shows nothing abnormal ” 

In both these cases the organisms were cultured from the exudate in the 
ventricles 

Uiiarte^’- obseived a patient with nidocyclitis and h}popyon of one 
eye due to P pestis Death occuned suddenly in the thud week of 
illness At autopsy the meninges were observed to be coveied with small 
abscesses containing the plague bacillus in puie culture According to 
Paso/' a 39 year old Spaniard suftering fiom inguinal and submaxillary 
bubomc-septicemic plague showed signs of meningitis Despite intensive 
treatment with antiplague seium (80 to 120 cc ), he died on the fifteenth 
day, and P pestis was demonstiated m the tuibid spinal fluid 

The most lecent lepoit on plague meningitis uas made by Montague 
and Rivoalen 

An 8 year old child entered the hospital at Dakar, French West Africa, with 
an axillary bubo on July 8 After the administration of antiplague serum, the 
enlargement of the node disappeared, but on July 17 nervous symptoms were 
noted The Kernig4’ sign was present, there were incessant movements of the 
hands and eyeballs and spasms of the masseter and left sternocleidomastoid muscle 
became apparent The first lumbar puncture and blood culture j lelded no organism, 
while the second puncture, taken on July 20, yielded flaky fluid containing P pestis 
The diagnosis of plague meningitis was confirmed at autopsj on July 21, the 
thirteenth day after the onset of illness 

The meie demonstration of P pestis in the spinal fluid at autopsy 
without gross anatomic changes should not be consideied as evidence of 
plague meningitis Wu Lien-Teh’i m a stud} of 1,921 cases of pnmaiy 
plague pneumonia noted congestion of the meninges and occasional 
studding of the brain substance with hemorihages The spinal fluid was 
clear, but as a rule positive bactenologic obseivations weie made 

11 Unarte, L Compt rend Soc de biol 91 1039, 1924 

12 Paso, J R Semana med 32 1139, 1925 

13 Montagne, M, and Rivoalen, A Bull Soc path exot 29 21, 1936 

14 Wu Lien-Teh A Treatise on Pneumonic Plague, Geneva, 1926, p 217 
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Although the majority of the autopsies that have been reported dealt 
with patients who succumbed during the acute stage of plague, between 
the second and the eighth day, it is noteworthy that meningitic involve- 
ment was most frequently lecorded foi patients who survned fiom the 
tenth to the twentieth day of the infection The longest duration of 
illness was twenty-eight days In the case under consideration the 
meningitic localization of the plague piocess took place m the third week 
of the disease and persisted in a latent stage for over one bundled days 
It is therefore by no means surpiising to find a patient m a state of 
typical plague marasmus, a complication which usually ends in death 
This chronic type of plague is claimed to be caused by secondary pyemic 
infections in which various streptococci and staphylococci play a pait 
Neither the gross anatomic observations nor the bactenologic examina- 
tion of the organs of oui patient was suggestive of secondary infection 
The marasmus therefore must be attributed to the toxins of the plague 
bacillus 

Until recently the clinical descriptions have conveyed the impression 
that plague, with a mortality of from 50 to 75 per cent m the purely 
bubonic form and of from 75 to 100 pel cent solely in the pneumonic 
form, larely if ever appears as a chronic infection The eaily observa- 
tion by Choksy and the Austrian Commission,^® that the plague bacilli 
may be present in an active state m iliac buboes or m the spleen for 
forty-eight and fifty-two days, respectively, is larely mentioned It is a 
well known fact that the pus of buboes may contain plague bacilli in 
an active state one or two months after the onset of the disease (Dujai- 
din-Beaumetz and Joltrain,^" Leger and Lhueire^® and Tanon and 
Cambessedes Gotschlich said he isolated the bacilli from the 
sputum of a patient on the seventy-sixth day of illness, forty-two days 
after he had risen from his bed In 1914 Ilvento and Mazzitelh and in 
1922 Leger and Baury -- established the important fact that healthy 
afebiile persons living m an endemic plague area may harbor Aurulent 
P pestis m small noninflamed lymph nodes Even more interesting aie 
the reports by Durand and Conseil,"® who found the bacteria in the 

15 Choksy, N H Some Observations on Plague and Its Treatment with 
Lustig’s Serum, Indian M Rec 20 353, 1901 , J Trop Aled 4 106, 1901 

16 Footnote 5, p 532 

17 Dujardm-Beaumetz, E , and Joltrain, E Bull et mem Soc med d hop 
de Pans 44 1739, 1920 

18 Leger, M, and Lhuerre Bull Soc path exot 15 759, 1922 

19 Tanon, L , and Cambessedes Rev de med et d’hyg trop 15 65, 1923 

20 Gotschhch, E Ztschr f Hyg u Infektionskr 32 402, 1899 

21 Ilvento, A , and Mazzitelh, M Riforma med 30 348, 1914 

22 Leger, AI , and Baury, A Bull Acad d sc 175 734, 1922 

23 Durand, P , and Conseil, E Arch Inst Pasteur de Tunis 16 92, 1927 
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lymph nodes two and Uvelve months, respectively, after complete 
recovery or four and fourteen months, respective!), after the onset of 
the plague In a more recent article Durand -■* has reported that he 
isolated the microbes from an inflamed and painful inguinal lymph node 
seventeen months after the patient had with the aid of antiplague serum 
lecovered from acute bubonic plague 

Influenced by the studies of the French \\orker, Nikanorow 
punctured the lymph nodes of 4 healthy persons who had been in 
intimate contact with plague patients The axillar\ nodes of 1 contained 
virulent plague bacilli 

In \ lev of these reports it is obviousl) proved that a patient not only 
m the acute but also m the chronic stage of plague, regardless of the 
seventy of the infection, or an apparentl) healthy peison who has been 
m contact vith the infective agent may be a earner of virulent plague 
bacilli for a long time The history of our patient not only adds another 
interesting report to the ever increasing series of observations on latent 
plague but forcibly indicates the progressively important need for studies 
of syhatic plague and its relation to man One cannot escape the 
impression that the recent cases of plague m the western states merely 
reflect the behavior of an agent which causes mild infections with a 
tendency to latency Nothing is known regarding subclimcal infections, 
yet it is surprising to note that the persons who for nearly'- twenty y'ears 
have manned the field investigation laboratories m California and have 
been continuously exposed to infected fleas and highly’- infectious rodents 
have remained absolutely free from plague When the opportunity 
arises their susceptibility^ to P pestis will be evaluated by' cutaneous 
phagocytic and serologic tests 

Finally, from an epidemiological point of view it may be pertinent 
to ask these questions Can a patient with chronic meningeal plague 
spread the infection? What is the role of the human carriers of 
P pestis ? The French and Russian investigators have maintained that 
latent bubonic plague may' serv'e as a reser^Olr and under certain con- 
ditions perpetuate the infection by human agency alone In order to be 
infective, a patient with latent plague not only must harbor the bacilli 
m the lymph nodes or the meninges but must also have bacteremia 
Durand said he believed that mtercurrent infections, such as influenza, 
measles, etc , may induce a flaring up of the process and that the human 
flea would then assume the role of the vector At present no evidence 
has been obtained to support this theory In fact, theie is every reason 
to believe that, just as m rodents with chronic lesions, in human beings 

24 Durand, P Arch Inst Pasteur de Tunis 20 77, 1931 

25 Nikanorow, S Seuchenbekampfung- 4 140, 1927 
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with latent plague the disease ends blindly and breaks the chain of the 
infection However, this deduction should not include another fre- 
quently drawn conclusion that Pulex irntans may be ignoied in the 
causation of certain outbreaks of plague The interhuman spiead of 
bubonic plague is a decided possibiht}^ but neither convalescent nor 
healthy carriers are at all likely to be responsible foi the appearance 
of the disease in the absence of a rodent epizootic These conclusions 
guided the public health authorities in permitting the termination of the 
quarantine measures for our patient and his transference from an 
infected to a nomnfected area 
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An inciease in the phosphatase activity of the blood of patients wnth 
jaundice tvas first noted by Roberts in 1930 In a subsequent study 
of fifty-two cases, Robeits = found that the phosphatase level was con- 
sistently and maikedly elevated in patients with obstiuctive jaundice, 
whereas in patients ivith toxic and catarrhal jaundice the values were 
only slightly raised or within noimal limits Roberts concluded that by 
determining the phosphatase activity of the blood, jaundice of the 
obstructive type could be distinguished readily from toxic, infective 
and catarrhal jaundice 

Subsequent investigatoi s have confiimed the finding of an increase 
in the phosphatase activity of the blood in jaundice due to obstiuction 
of the extrahepatic biliary tract, both in patients^ and in expeiimental 

From the Department of Medicine, the College of Physicians and Surgeons, 
Columbia University, and the Presbjterian Hospital 

A preliminary report appeared in the proceedings of the American Society 
for Clinical Investigation (J Clin Investigation 15 466, 1936) 

1 Roberts, W M Variations m the Phosphatase Activity of the Blood 
m Disease, Brit J Exper Path 11 90, 1930 

2 Roberts, W M Blood Phosphatase and the van den Bergh Reaction in 

the Differentiation of the Several Types of Jaundice, Brit M J 1 734, 1933 

3 (a) Armstrong, A R , King, E J , and Harris, R I Phosphatase in 

Obstructive Jaundice, Canad M A J 31 14, 1934 (b) Greene, C H , Shattuck, 
H F, and Kaplowitz, L Phosphatase Content of the Blood Serum in Jaundice, 
J Clm Investigation 13 1079, 1934 (c) Austoni, B, and Coggi, G La phos- 
phatase du plasma dans differentes affections, Presse med 42 1594, 1934 (d) 
Herbert, F K The Plasma Phosphatase in the Various Types of Jaundice, Brit 
J Exper Path 16 365, 1935 (e) Anderson, R G The Plasma Phosphatase 
m Jaunaice, St Barth Hosp Rep 68 221, 1935 (/) Fiessinger, N , and Royer, 

F La phosphatase plasmatique en pathologic hepatique. Rev med chir mal du 

foie 10 137, 1935 (g) Rothman, M M , Meranze, D R , and Meranze, T 

Blood Phosphatase as an Aid m Differential Diagnosis of Jaundice, Am T M Sc 
192 526, 1936 
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animals/ and the validity of this observation is geneially accepted In 
jaundice due to hepatitis, however, the results of determinations of 
blood phosphatase recoided by different observers vary widely Bodansky 
and Jaffe,® Greene, Shattuck and Kaplowitz,®^ and otheis® have found 
marked increases in the phosphatase activity of the blood in hepatitis so 
frequently as to invalidate the claim that the determination is of value 
111 differentiating this type of jaundice from jaundice due to obstruc- 
tion of the common duct Herbert,®** Armstrong, King and Hams®® 
and others,'* however, have found normal or moderately increased values 
for blood phosphatase in most cases of hepatitis, high values in such cases 
occurring only occasionally These workers have concluded that while 
the overlapping of values m the several types of jaundice limits the 
usefulness of the determination in differential diagnosis, the method 
IS nevertheless of value 

These inconsistencies arise, m part, from the use of methods for 
estimating phosphatase activity that are so different as to preclude a 
direct comparison of results (The results, moreover, aie expiessed in 
a variety of units ) There are, in fact, difficulties in the way of even a 
relative comparison of values obtained by Kay’s original method with 
those derived by Bodansky’s method, paiticularly in the higher ranges 
In some instances, furthei more, investigators using the same method have 
reported different values for the range of normal variation,® and these 
differences must be considered when comparisons of the results in cases 
of jaundice aie attempted Values for phosphatase activity of chil- 
dren and adolescents with catarrhal jaundice ® have been accepted 
as markedly elevated, although the values reported are in pait below or 
only model ately above the normal maximum for the respective age 
groups It appears, also, that there are important diffeiences in the 
systems of classification of jaundice employed by various investigators, 
and it IS further appaient that opinions diverge as to the adequacy of 
evidence necessary foi definitely establishing the cause and type of 
laundice There is, finally, the difficulty that while a sharp distinction 
IS drawn between obstructive jaundice and catarrhal jaundice or hepa- 
titis for diagnostic pin poses, it is probable that m the latter disorders 
obstruction also plays a role And, as Herbert ®‘* pointed out, I'^arying 

4 Bodansky, A , and Jaffe, H L Phosphatase Studies VIII Increase of 
Serum Phosphatase After Bile Duct Ligation in Dog, Proc Soc Exper Biol &. 
Med 31 1179, 1934 Armstrong, King and Harris Fiessmger and Bover^^ 

5 Bodansky, A , and Jaffe, H L Phosphatase Studies IV Serum Phos- 
phatase of Non-Osseous Origin , Significance of the Variations of Serum Phos- 
phatase in Jaundice, Proc Soc Exper Biol & Med 31 107, 1933 

6 Cantarow, A Review of Phosphatase Activity and of Calcium and 
Electrolyte Metabolism, Internat Clin 46 230, 1936 Fiessmger and Boyer sf 

7 Austoni and Coggi sl Anderson 

8 Greene, Shattuck and KaplowitzSb Bodansky and Jaffe ^ 
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degrees of intrahepatic obstruction may contribute to the diversity of 
values for phosphatase activity obtained in hepatitis by different 
investigators 

In \le^\ of the interest attaching to the subject, not only with respect 
to the differential diagnosis but also as regards the mechanism of 
laundice, further investigation seems desirable The observations 
recorded here vere made in t\\enty-fi\e cases of obstruction of the 
extrahepatic biliary tract in which the diagnosis was proved at operation 
or at autopsy, thirty-four cases of jaundice vith a clinical course con- 
sistent vith catarrhal jaundice, thirteen cases of hepatitis due to some 
knovn toxic agent, sixteen cases of cirrhosis, proved at autopsy or 
operation, tventy cases of neoplasm with proved invohement of the 
liver, and fifteen cases of miscellaneous hepatic disorders 

The results of the determination of the inorganic phosphorus and 
calcium contents of the serum in these cases are also recorded The 
significance of variations from the normal encountered in some cases 
is considered briefly 

METHODS 

Ti\ent 3 cubic centimeters of \enous blood obtained from the patient before 
breakfast was transferred to a 25 cc centrifuge tube, allowed to clot for one-half 
hour and then centrifugated at 1,000 revolutions per minute Phosphatase actuity 
vas determined in duplicate on 1 cc. of serum bj' Bodansky’s ° method The 
results are expressed in Bodansky units, 1 unit being the equnalent of 1 mg of 
phosphorus as phosphate ion liberated from a substrate of sodium betaglycerophos- 
phate following incubation for one hour at 37 C at a />n of 8 6 When the 
phosphatase actuity exceeded 40 Bodanskj^ units per hundred cubic centimeters of 
serum, the following positive correction was applied to the result in order to com- 
pensate for the inhibiting effect of hvdrobtic products followung hjdrohsis of 
10 per cent or more of the substrate ’■o 

E- E represents the original value expressed 

Ei = E -| in Bodansky units and Ei the corrected 

1,000 value m Bodanslq^ units 

The inorganic phosphorus content of the serum was determined in duplicate on 
1 cc samples by the method of Kuttner and Lichtenstein, with correction for 
deMations from Beer’s law^- The calcium content of the serum w'as determined 

9 Bodansky, A Phosphatase Studies II Determination of Serum Phos- 
phatase, Factors Influencing the Accuracy of the Determination, J Biol Chem 
101 93, 1933 

10 Bodansky, A, and Jaffe, H L Phosphatase Studies V Serum Phos- 
phatase as a Criterion of the Seventy and Rate of Healing of Rickets Am J Dis 
Child 48 1268 (Dec) 1934 

11 Kuttner, T, and Lichtenstein, L Estimation of Phosphorus Molybdic 
Acid-Stannous Chloride Reagent, J Biol Chem 86 671, 1930 

12 Bodansky, A Phosphatase Studies I Determination of Inorganic Phos- 
phate , Beer’s Law^ and Interfering Substances in the Kuttner-Lichtenstem Method 
J Biol Chem 99 197, 1932 
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m duplicate on 2 cc samples b 3 ’' the Clark and Collip modification of the 
Kramer and Tisdall method The bihrubin content of the serum was estimated 
bj' the method of Thannhauser and Andersen The protein content of the serum 
was determined by difference on 1 cc samples, the macro-Kjeldahl technic being 
used for estimating the total nitrogen content, and Fohn's method with nesslenzation 
for determining the nonprotein nitrogen content Albumin and globulin fractions 
were estimated m duplicate on OS cc samples by Howe’s method, nitrogen being 
determined by the micro-Kjeldahl technic and titration 

These methods give the following range of variation in our hands 
In twenty-five normal adults the phosphatase activity of the serum 
varied fiom 1 3 to 3 5 Bodansky units per hundred cubic centimeters, 
in agreement with the normal range established by Bodansky (1 to 
4 units) We have occasionally encountered values slightly in excess 
of 4 Bodansky units m patients hospitalized for a variety of diseases 
but without obvious disease of bone or liver As such slight increases 
are exceptional and of equivocal significance, we accept 1 to 4 Bodansky 
units per hundred cubic centimeters as the normal range Our experience 
IS not in accord with that of Greene, Shattuck and Kaplowitz,®^ who 
considered values varying between 2 and 11 Bodansky units per bundled 
cubic centimeters of serum as without pathologic significance In 
children and growing adolescents the phosphatase activity of the serum 
may be as high as 12 Bodansky units per hundred cubic centimeters 

Normal values for serum calcium range from 9 to 11 mg per 
hundred cubic centimeters, and normal values for the inorganic phos- 
phorus of the serum, as determined by the Kuttner and Lichtenstein 
method, range from 2 5 to 4 mg per hundred cubic centimeters 

RESULTS AND COMMENTS 

ObsUiiction of the ExtiahepaHc Bihar y Tract — ^The phosphatase 
activity of the serum was found to be definitely increased in all our 
tivent 3 '--five cases of jaundice due to obstruction of the extrahepatic 
biliary tract (table 1) Preoperative values obtained in twenty-three 
cases ranged from 37 6 to 12 4 Bodansky units per hundred cubic 
centimeters Values of less than 10 Bodansky units per hundred cubic 
centimeters weie obtained in two cases of stone in the common bile duct 
in wdiich the phosphatase activity of the serum was determined when 
jaundice was subsiding spontaneously In case 25 (phosphatase, 46 
Bodan'sky units) the patient was not jaundiced when the determination 
\vas made, though a stone was found subsequently at operation In 

13 Clark, E P , and Collip, J B A Study of the Tisdall Method foi the 
Determination of Blood Serum Calcium with a Suggested Modification, J Biol 
Chem 63 461, 1925 

14 Thannhauser, J S , and Andersen, E Methodik der quantitativen Bihrubin- 
bestimmung im menschlichen Serum Ueber die Ehrhch-Proscher’sche Rea’rtion, 
Deutsches Arch f khn Med 137 179, 1921 
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ARCHIVES OF INTERNAL MEDICINE 


case 24 (phosphatase, 6 7 Bodansky units) jaundice was intermittent 
No stones were found in the common bile duct at operation but some 
were present at death following recurrence of jaundice 

The values for the bilirubin content of the serum varied widely, 
from 19 2 to 1 mg per hundred cubic centimeters No relation could be 
made out between the level of the phosphatase activity and the bilirubin 
content of the serum The values for the phosphatase activity weie 
not consistently higher m eight cases of complete biliary obstruction 
than m the remaining cases in which there was incomplete obstruction 
at the time of examination There appeared to be no relation between 
the increase in the phosphatase activity of the serum and the duration 
of jaundice, so far as this could be ascertained The highest phosphatase 
values m this series, however, occurred m cases of carcinoma obstructing 
the biliary tract, a group in which obstruction is likely to be of long 
duration and complete But the claim that obstruction due to carcinoma 
can be differentiated m this manner from obstruction due to stone 
could not be substantiated 

As pointed out by Roberts,^ the phosphatase content of the blood 
m obstructive jaundice tends to be relatively high with respect to the 
bilirubin content of the serum In our cases the ratio 

Serum phosphatase activity (Bodansky units per hundred cubic centimeters) 

Serum bihrubm (mg per hundred cubic centimeters) 

was found to exceed 1 0 m all but one instance 

Although no general proportionality obtained between the phos- 
phatase and the bihrubm level of the serum, in six of eight cases studied 
after the biliary obstruction was relieved surgically the resulting fall in 
the bihrubm content was associated with a similar but more gradual 
decline in the phosphatase activity of the serum 

Catmihal Jaundice, Toxic Hepatitis — In contrast with the relatively 
uniform increase m values for the phosphatase activity of the serum 
obtained m jaundice due to obstruction of the extrahepatic biliary tract, 
our forty-seven cases of jaundice due to hepatitis (tables 2 and 3) yielded 
more variable results In thirty-five instances the phosphatase content 
of the serum was less than 10 Bodansky units per hundred cubic centi- 
meters Of the remaining twelve cases of jaundice due to hepatitis, in 
which values as high as 45 Bodansky units per hundred cubic centimeters 
were exhibited, it is interesting to note that in six there was a history of 
exposure to some known toxic agent (toxic hepatitis) And in four of 
the remaining five cases of catarrhal jaundice analysis of the clinical his- 
tory revealed complications to which the increased phosphatase content 
might, m part, be ascribed In cases 29 and 34 (the patients were 12 and 
14 years of age, respectively) the values obtained were within the normal 
limits for the age groups One patient (case 27) had had a previous 



Table 2 — Suvimaiy of Analyses of Blood tn Thirty-Four Cases of Ja/undice with 
a Clinical Couise Consistent with That of Catarrhal Jaundice 
or Hepatitis of Unknozvn Etiology 
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Tablf 3 — Su)itina>y of Analyses of the Blood in Thirteen Cases of Toxic Hepatitis Following Exposiue to Known Toxic Agents 
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'llie patient died of acute yellow atrophy of the liver several days later All the other patients recovered 
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attack of jaundice six months before and may have had preexistent 
hepatic damage (see the discussion of the cases of cirrhosis) Another 
case (case 38 ) illustrates occasional transient rises in phosphatase 
activity of the serum during recovery from severe hepatitis 

No relationship between the seventy of the jaundice and the height 
of the phosphatase content of the serum was found m catarihal jaun- 
dice or toxic hepatitis The ratio of the phosphatase to the bilirubin 
content of the serum was extremely variable, and even in the presence 
of intense jaundice and acholic stools theie was usually little rise in 
the phosphatase activity There was no relation between the phosphatase 
level of the serum and the duration of jaundice The phosphatase 
activity returned to noimal as the jaundice subsided 

One of the difficulties encountered in the collection of cases of 
hepatitis arose from the fact that the exclusion of cases of stone in 
the common duct, with spontaneous passage, is not always possible 
This may be the explanation for some of the high values for phosphatase 
lecorded in cases in which a diagnosis of hepatitis was made With 
this possibility in mind, all our patients were followed until the com- 
plete disappearance of jaundice, and in many instances roentgenographic 
examination of the abdomen and examination of the duodenal contents 
for cholesterol ciystals were carried out We have included only those 
cases in which no indication of the presence of gallstones was noted 
Oui results support the view that the phosphatase activity of the 
serum in catairhal jaundice and hepatitis (apart from hepatitis due to 
toxic drugs) tends to be only moderately increased, marked elevations 
being exceptions to the rule It appears that the behavior of the serum 
phosphatase in catarrhal jaundice or hepatitis usually diffeis fiom 
that in mechanical obstructive jaundice due to stone or carcinoma 
It IS difficult to reconcile this finding with the view that jaundice in 
hepatitis IS primarily the result of obstruction, whether intrahepatic or 
due to the presence of a mucous plug in the common duct 

15 Herbert Anderson 

16 It IS the opinion of most investigators that the phosphatase of the serum is 
elaborated chiefly in the bones, from which it escapes into the blood, whence it 
passes into the liver and is excreted in the bile That the bile is rich in phos- 
phatase has been demonstrated repeatedly (Roberts , 2 Armstrong, King and Har- 
ris , 2*^ Greene, Shattuck and Kaplowitz 2 ^*) Urine does not contain significant 
amounts of that phosphatase with which we are concerned here, either in normal 
(Roberts - and Armstrong, King and Harris 2'*) or 111 jaundiced subjects 
(Roberts 2 and unpublished data) 

The marked increase m serum phosphatase activity regularly observed with 
obstruction of the excretory channels (bile ducts) is therefore readily explained 
by the resulting accumulation of phosphatase m the blood The moderate increase 
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Of interest also is the relatively high incidence of distinctly elevated 
values for phosphatase in cases of jaundice which developed after the 
administration of arsenicals (toxic hepatitis, table 3), as compared with 
the values in cases of hepatitis of unknown origin 

The presence of chronic hepatic damage preceding the acute attack 
of jaundice was suspected in some of the patients with hepatitis due 
to known toxic agents When preexisting cirrhosis is present, the 
behavior of the serum phosphatase during an attack of hepatitis may be 
modified 

Ciuhosis of the Lvue) — ^The phosphatase activity of the serum 
varied over a wide range in our sixteen cases of cirrhosis of the liver 
from 66 7 to 2 Bodansky units per hundred cubic centimeters (table 4) 
In SIX cases, the values exceeded 10 Bodansky units per hundred cubic 
centimeters No correlation could be made out between the level of 
phosphatase activity and other changes which occur in cirrhosis Marked 
elevations were obtained both in the presence and in the absence of 
jaundice, and, conveisely, in one case (case 84) there was a moderate 
degree of jaundice without any increase in the phosphatase activity 
Nor did a marked elevation appear to be more characteristic of cases 
of advanced cirrhosis with evidences of portal decompensation 

Autopsy or biopsy of the liver showed Laennec’s cirrhosis in all 
but four cases in this group (case 73, biliary cirrhosis , case 80, healed 
subacute yellow atrophy of the liver , case 86, hemachromatosis , 
case 87, schistosomiasis) The inevitably heterogeneous composition 
of any group of cases of cirrhosis introduces so many variables 
that the significance of these variations in the phosphatase activity of 
the serum remains obscure 

Neoplastic Involvement of the Livei — The phosphatase activity of 
the serum was increased in seventeen of twenty cases of neoplasm with 
proved involvement of the liver, the values ranging fiom 35 2 to 4 3 
Bodanslcy units per hundred cubic centimeters (table 5) In most 
instances in which jaundice had not developed, the phosphatase content 
of the serum was lower than in cases of jaundice, being within normal 
limits in two cases and only slightly elevated in several others How- 
ever, the phosphatase activity may be considerably elevated in cases of 

in serum phosphatase activity observed in most cases of hepatitis and the marked 
elevation in some might well be due to the operation of a paitially obstructing fac- 
tor's But if obstruction is the cause of jaundice in hepatitis, it is difficult to 
understand why high values (comparable to those found with gross obstruction 
of the common duct) are not obtained more consistently, particularly in cases of 
marked bilirubinemia The subject is discussed more fully elsewhere (Roberts, = 
Armstrong, King and Hams , sa Herbert,®^ and Anderson ®e) 
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hepatic metastases without jaundice, as pointed out elsewhere Values 
of more than 15 Bodansky units per hundred cubic centimeters were 
obtained in two cases in which there was no jaundice (cases 92 and 
94) included in this senes 

An increase in the phosphatase activity of the serum may occur in 
carcinoma with skeletal metastases, particularly of the osteoplastic 
type,^® and this possibility must be borne in mind when one is consider- 
ing the significance of phosphatase values in cases of neoplasm 
In case 92 osteoplastic metastases were present in the spine, ribs and 
pelvis, and the rise in the phosphatase activity in this case cannot be 
ascribed solely to the metastases in the liver In case 94 roentgenographic 
examination of the skeleton failed to reveal metastases to the bones An 
increase in the phosphatase activity was observed in several other cases 
of carcinoma (not included here) with enlargement and irregularity of 
the liver, in which exploiatoiy operation or autopsy was not performed 

The fact that m several cases of neoplasm an increase in the 
phosphatase activity of the serum was the only indication of hepatic 
metastases — there being no bihrubinemia or clinically obvious hepatic 
enlargement — led to the hope that the determination might prove useful 
in the early detection of metastases Our results suggest that increased 
values for serum phosphatase occur with more legularity than increased 
values for serum bilirubin in such cases, but, as table 5 shows, the value 
for phosphatase may be normal or only equivocally increased in the 
presence of definite involvement of the liver 

Miscellaneous Cases — The data foi three cases of hemolytic jaun- 
dice (cases 109 to 111) are included in table 6 The phosphatase activity 
of the serum was within normal limits, a result in accord with previous 
findings Of exceptional interest are the results obtained for two 
infants with jaundice due to atresia of the biliaiy tract Contraiy to 
expectations, the phosphatase content of the serum was within the 
normal limits of variation for the age group, despite the obstructive 
character of the jaundice The phosphatase activity was definitely ele- 

17 Gutman, A B , Swenson, P C, and Parsons, W B The Differential 
Diagnosis of Hyperparathyroidism, JAMA 103 87 (July 14) 1934 

18 (fl) Gutman, A B , and Gutman, E B Paget’s Disease Relative Con- 

stancy of Serum Phosphatase Levels Over Periods up to Two Years, Proc Soc 
Exper Biol & Med 33 150, 1935 (&) Gutman, A B , Tyson, T L , and 

Gutman, E B Serum Calcium, Inorganic Phosphorus and Phosphatase Activity 
m Hyperparathyroidism, Paget’s Disease, Multiple Myeloma and Neoplastic Dis- 
ease of the Bones, Arch Int Med 57 379 (Feb ) 1936 (c) Woodward, H Q , 

Twombly, G H, and Coley, B L A Study of the Serum Phosphatase in Bone 
Disease, J Clin Investigation 15 193, 1936 

19 Roberts 2 Greene, Shattuck and Kaplowitz ab Herbert Anderson se 
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vated in one case of amebiasis of the liver without jaundice It seems 
probable that this elevation was the result of mtrahepatic disease One 
patient with Gaucher’s disease of the liver and spleen (case 115) proved 
to have normal phosphatase activity Case 116 further illustrates the 
necessity for exclusion of certain diseases of bone in the interpretation 
of values for serum phosphatase for jaundiced patients In this instance 
an unexpectedly high value in a case of hepatitis was shown by roent- 
genograms to be due to the presence of Paget’s disease, unsuspected until 
then In case 117 jaundice of unknown etiology was complicated by an 
attack of acute pancreatitis, evidenced by the clinical symptomatology 
and by a sharp rise in the amylase content of the blood There was a 
concomitant transient increase in the phosphatase activity of the serum, 
whether due to partial obstruction of the common bile duct or of the 
pancreatic duct could not be determined In case 118 the condition 
could not be classified satisfactorily because of uncertainty as to the 
degree of obstruction caused by a carcinoma of an mtrahepatic bile duct 
at the hilus of the liver 

In the remaining five cases in this group there was a clinical sug- 
gestion of obstructive jaundice due to calculi in the common bile duct 
Exploratory operation failed to confirm this diagnosis, however, though 
in all cases theie weie evidences of cholecystitis and in some cases 
there was also cholelithiasis (table 6) In these instances the possibility 
that calculi were piesent in the common bile duct and became dislodged 
shortly before operation could not be excluded The clinical picture 
could be explained as plausibly, however, by transitory edema of the 
common bile duct or head of the pancreas or by acute hepatitis com- 
plicating inflammation of the gallbladder 

Results of the Deterimnation of the hwrgamc Phosphoius and Cal- 
cium Contents of the Seium — The inorgamc phosphorus content of the 
serum was within normal limits in most of the one hundred and twenty- 
three cases included in this study In a number of instances, however, the 
values for inorganic phosphorus were less than the lower limit of nor- 
mal variation Hyperphosphatemia was observed in several cases A 
satisfactory analysis of the factois affecting the inorganic phosphorus 
content of the serum in these cases was not possible, but from the 
data at hand certain inferences regarding the general mechanism 
involved seem permissible 

20 Although many patients with jaundice were on a diet high in carbohydrate 
and low m fat, ingestion of dextrose, which causes a fall in the value for serum 
phosphorus (Harrop, G A, Jr, and Benedict, E M The Participafion of 
Inorganic Substances in Carbohydrate Metabolism, J Biol Chem 59 683, 1924), 
need not be considered as a cause of the hypophosphatemia, as the results recorded 
here were obtained during fasting 
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It was noted that the incidence of hypophosphatemia was highest 
in cases of cachexia with wasting due to cirrhosis of the^liver (table 4) 
or to carcinoma obstructing the common bile duct (table 1) In a signifi- 
cant proportion of these cases hypophosphatemia was associated with 
hypocalcemia and was thought to be due to prolonged malnutrition 
Impairment of hepatic function may contribute to the fall in the 
inorganic phosphorus content of the serum, since the incidence of hypo- 
phosphatemia in these cases is considerably greater than that observed 
in cases of caranoma m general^” The maiked hypophosphatemia noted 
111 two cases of acute yellow atrophy is further suggestive of this view 
In one of these cases (case 65) the inorganic phosphoius content of the 
serum was by far the lowest in our experience — 0 25 mg pei hundred 
cubic centimeters 

Hyperphosphatemia was associated with definite retention of nitro- 
gen in several cases, and it was ascribed to impairment of lenal func- 
tion Two patients (cases 29 and 34, table 2) with values over 4 mg 
per hundred cubic centimeters were adolescent children, and the results 
may be regarded as within normal limits 

The calaum content of the serum was within normal limits m most 
of our cases of hepatitis (tables 2 and 3) and of carcinoma with 
metastases to the liver (table 5) and in our miscellaneous cases of jaun- 
dice (table 6) Moderate hypocalcemia was noted in nine of fifteen 
cases of cirrhosis of the liver (table 4) and m eight of eighteen cases 
of carcinoma obstructing the common bile duct (table 1) On analysis 
of the clinical and chemical findings m the latter groups it became 
apparent that a number of factors must be considered in any attempt 
to analyze the mechanisms involved in the development of hypocalcemia 
in diseases affecting the liver 

Gunther and Greenberg have called attention to the significance 
of a decreased value for serum albumin in this connection, since a fall 
in the amount of calcium bound to protein is reflected in the values 

21 Labbe and Fabrykant (Le phosphore, Pans, Masson & Cie, 1933) have 
called attention to lowered values for total phosphorus of the blood m cirrhosis 
of the liver and have pointed out that the inorganic phosphorus fraction may be 
decreased They obtained normal values for a small group of patients with catar- 
rhal jaundice Fiessinger and Boyer sf obtained similar results Our data do not 
justify the conclusion sf that these two conditions may be differentiated by deter- 
mining the inorganic phosphorus content of the serum 

22 Jackson, H, Jr, and Taylor, F H L Calcium, Potassium and Inorganic 
Phosphate Content of the Serum in Cancer Patients, Am J Cancer 19 379, 1933 
Gutman, Tyson and Gutman 

23 Gunther, L , and Greenberg, D M The Diffusible Calcium and the Pro- 
teins of the Blood Serum in Jaundice, Arch Int Med 45 983 (June) 1930, The 
Diffusible Calcium and the Proteins of the Blood Serum in Malignant Diseases, 
ibid 46 67 (July) 1930 
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for total serum calcium The serum proteins were partitioned m eight 
of our cases of ciirhosis of the livei associated with hypocalcemia 
The albumin content of the serum was found to be decreased in every 
instance, the highest value obtained in this group being 3 7 per cent 
(table 4) In case 83, however, the fall in the value for serum calcium 
might be ascribed to hyperphosphatemia and retention of nitrogen 
Hypocalcemia was not present m some cases of cirrhosis of the 
liver, despite definite decreases m the albumin content of the serum 
In several such cases considerable elevation in the value for seium 
globulin was found, and the maintenance of the level of serum calcium 
within normal limits might have been effected by an increase m calcium 
bound to globulin In view of the prevailing uncertainty as to how 
much,"^ if any,-® calcium is bound by seium globulin, particularly m 
pathologic states, the validity of this explanation remains in doubt 
Even large increases m the content of seium globulin did not suffice 
in some instances to maintain the content of serum calcium within 
normal limits when the value for seium albumin was markedly 
decreased 

In many of our cases of cirihosis of the liver the patient was in 
an advanced stage of cachexia, so that, in addition to hypopi oteinemia 
due to malnutrition, the effect on the value for serum calcium of pio- 
tracted deprivation of calcium might be considered In cases of obstiuc- 
tion of the common bile duct due to carcinoma (table 1) this is an 
important consideration, since the absorption of calcium is affected 
adversely by the absence of bile from the gastro-mtestinal tract A 
furthei complication was intioduced in some cases m this group by 
the presence of a biliary fistula, either spontaneous (case 20) or opera- 
tive As shown experimentally in dogs with biliary fistula,^® loss of 
calcium in the bile may result in hypocalcemia In some of our patients 
an attempt to avoid the diversion of bile from the body was 
made by means of cholecystogastrostomy, but the effect of this pio- 
cedure on the content of serum calcium was not always apparent 

Values for serum calcium of less than 9 mg per hundred cubic 
centimeters were obtained in only four of our forty-seven cases of 

24 Schmidt, C L A , and Greenberg, D M Occurrence, Transport and 
Regulation of Calcium, Magnesium and Phosphorus m the Animal Organism, 
Physiol Rev 15 297, 1935 Weir, E G , and Hastings, A B The Ionization 
Constants of Calcium Proteinate Determined by the Solubility of Calcium Car- 
bonate, J Biol Chem 114 397, 1936 

25 Bendien, W M , and Snapper, I Untersuchungen uber die Bindung der 
Kolloide des Serums mit Hilfe von Ultrafiltern erhohter Durchlassigkeit Biochem 
Ztschr 260 105, 1933 

26 Cavazza, F Su di alcunde ncerche biochemische nel sangue, nella bile e 
nel fegato di ammali con fistola biliare permanente, Pathologica 27 241, 1935 
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hepatitis The value for serum calcium was as low as 6 9 mg per 
hundred cubic centimeters in one instance (case 26) in which the value 
for serum protein at the time was 5 7 per cent No protein partition 
was carried out The calcium level of the serum may fall below normal 
limits m cachectic patients with carcinoma (table 5), as has long been 
known 

SUMMARY AND CONCLUSIONS 

The phosphatase activity, inorganic phosphorus and calcium of 
the serum were determined in the following cases twenty-five 
cases of obstruction of the extrahepatic biliary tract m which the diag- 
nosis was proved at operation or at autopsy, thirty-four cases of 
jaundice with a clinical course consistent with catarrhal jaundice, thir- 
teen cases of toxic hepatitis due to some known toxic agent, sixteen 
cases of cirrhosis of the liver, proved either at autopsy or at operation , 
twenty cases of neoplasm with proved involvement of the liver, and 
fifteen miscellaneous cases 

The phosphatase activity of the serum was increased in every case 
of jaundice due to obstruction of the common bile duct, the values 
exceeding 10 Bodansky units per hundred cubic centimeters in twenty- 
three of twenty-five instances The phosphatase activity of the 
serum was elevated irrespective of the degree or duration of jaundice 
and whether obstruction was complete or incomplete 

The phosphatase activity of the serum was found to be more variable 
m catarrhal jaundice or hepatitis, but values of less than 10 Bodansky 
units per hundred cubic centimeters were obtained in thirty-five of 
forty-seven cases The incidence of marked elevation in phosphatase 
activity was much higher in cases of hepatitis due to known toxic agents 
than in cases of catarrhal jaundice or hepatitis of unknown cause Our 
results support the view that the phosphatase activity of the serum in 
catarrhal jaundice and hepatitis (apart from hepatitis due to toxic 
drugs) tends to be only moderately increased, a marked elevation being 
an exception to the rule 

As values for phosphatase activity which are not definitely elevated 
tend to rule out jaundice due to obstruction of the common bile duct, 
the method is useful in the differential diagnosis of jaundice 

The phosphatase activity of the serum varied over a wide range 
in cirrhosis of the liver No correlation could be made out with the 
degree or duration of jaundice or with the stage of the disease 

27 Gutman, Tyson and Gutman isb Jackson and Taylor 22 General reviews 
of the literature on the serum calcium in jaundice are available (Snell, A kl , 
and Greene, C H The Calcium of the Serum m Jaundice, Am J Physiol 
92 630, 1930 Gray, J S , and Ivy, A C The Role of Serum-Calcium Fractions 
in the Effect of Viosterol on the Bleeding Tendency in Jaundice, Am J Digest 
Dis & Nutrition 2 368, 1935 ) 
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The phosphatase activity o£ the serum exceeded the normal limit 
of variation in most cases of carcinoma with metastases to the liver 
The rise in the phosphatase activity is usually definite- before the devel- 
opment of jaundice Since skeletal metastases, particularly of the osteo- 
plastic type, often cause an increase in the phosphatase activity of the 
serum, their presence must be ruled out 

The phosphatase activity of the serum was within normal limits 
for the age group m two infants with jaundice due to atresia of the 
biliary tract This finding was unexpected, since the jaundice in these 
cases was of the obstructive type 

The phosphatase activity of the serum was within normal limits in 
three cases of hemolytic jaundice 

The inorganic phosphorus and calcium contents of the serum were 
within normal limits m most cases in this series Hypophosphatemia 
and hypocalcemia occurred in a significant proportion of these cases, 
most frequently in cachectic patients with cirrhosis of the liver or with 
carcinoma obstructing the common bile duct, and also in two cases of 
acute yellow atrophy Hypocalcemia in patients with cirrhosis of the 
liver was usually associated with a decrease in the albumin content of 
the serum 
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In the widespread search foi a possible i elation between bodily 
disease and epilepsy, carbohydrate metabolism has been studied by 
numerous authors The occurrence of convulsions m states of hypo- 
glycemia either as a result of the injection of insulin or spontaneously 
in the course of hypermsuhnism has further focused attention on the 
possible disoiders of this function 

One of the difficulties encountered m such a study lies in the absence 
of indications of dysfunction not primarily related to diabetes Exami- 
nations of large numbers of normal subjects have been made more with 
the view of determining the character of metabolism not related to 
diabetes than of evaluating the functions of the organs concerned in 
carbohydrate metabolism Therefore, what are described as normal 
types of curves, with arbitrarily constructed formulas, may be applicable 
for subjects who are not diabetic or destined to be diabetic, but they 
do not give any indication of what is occurring when high curves, flat 
curves or delayed curves are obtained for subjects not prediabetic or 
diabetic Yet aU these types of curves are designated as normal Another 
difficulty IS found in the constantly changing standards and in the 
differences of technic Much further work is necessary on the function 
of normal organs under varying conditions before one may do more 
than compare the results obtained in a group of patients suffering from 
epilepsy with a group not so afflicted, both being examined under 
approximately the same conditions 

There has been no uniformity of opinion as to the effect of the 
type of diet preceding the dextrose tolerance test Some authors, 
Sweeney,^ for example, have stated that no effect is produced on the 
general curve by a variation of diet Others, for instance McClellan 

This work was supported by the Minnie Frances Kleman Memorial Fund 

From the Department of Nervous and Mental Diseases, Northwestern Uni- 
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1 Sweeney, J S A Comparison of the Effects of General Diets and of 
Standardized Diets on Tolerance for Dextrose, Arch Int Med 42 872 (Dec ) 
1928 
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and Wardlow,^ have said that high blood sugar levels are piesent in 
patients who I'eceived a diet restricted as to carbohydrates before the 
test, and Kohn, Fries and Felshin ^ found a higher use and a delayed 
fall when ketosis had been induced by diet In most instances dextiose 
tolerance is determined after oral ingestion Myers and McKean,^ 
among others, have called attention to the effect of vaiiabihty of time 
of gastric emptying and of intestinal absorption on the character of 
the curve for dextrose after oral ingestion As a consequence, McKean, 
Myers and Von der Heide= have devised a "micro-interval glucose 
tolerance test,” employing intravenous administration 

Others, notably Lennox and Bellingei,® have said that there is a close 
correspondence between the curves obtained after intravenous and those 
after oral administi ation The amount of dextrose admmisteied has 
varied with different investigators, some using a fixed amount (100 Gm , 
11 respective of the subject’s weight) , otheis, an aibitiary amount (1 75 
Gm per kilogram of body weight), and still others, a fixed larger amount 
(up to 250 Gm ) Thus, John ^ used a standard amount of 100 Gm 
He found a variation in the type of curve for those who weie obese 
and for those who were undernourished Svensgaard ® found that in 
the case of children when 250 Gm was used, the cuives obtained were 
somewhat highei and more prolonged 

Variation in the technic likewise accounts foi some divergence of 
opinion Although in many instances the Folm-Wu tungstic acid 
method is basic, it is known that this is not absolutely accuiate, and a 
true indication of the dextrose tolerance can be obtained only if a method 
such as that of Somogyi is used The latter eliminates the nonsugai 
reducing substances, the readings usually being 15 oi 20 mg per hun- 
dred cubic centimeters lowei, as demonstrated by Holt and Gieisheimer 


2 McClellan, N S, and Wardlow, H S H Hypoglycemic Reactions 
Following Glucose Ingestion, J Chn Investigation 11 513, 1932 

3 Kohn, J L , Fries, M E , and Felshin, Gertrude Spontaneous and Induced 
Ketosis m Children, Am J Dis Child 34 857 (Nov ) 1927 

4 Myers, G B , and McKean, R M The Oral Glucose Tolerance Test, 
Am J Chn Path 5 299, 1935 

5 McKean, R M , Myers, G B , and Von der Heide, E C Blood Glucose 
Clearance, Am J M Sc 189.702, 1935 

6 Lennox, W G, and Bellinger, Margaret Blood Sugar Comparison of 
Blood Sugar Curves Following Ingestion and Intravenous Injection of Glucose 
Arch Int Med 40 182 (Aug ) 1927 

7 John, H J A Study of Eleven Hundred Glucose Tolerance Tests M 1 
& Rec 131 287, 351 and 398, 1930 

8 Svensgaard, Elizabeth Blood Sugar m Normal and Sick Children Acta 

psediat (supp 4) 12 1, 1931 ’ 


Holt G W, and Greisheimer, E M “True” Glucose Tolerance 
Two Normal Individuals, Proc Soc Exper Biol & Med 28 547, 
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and Campbell, Osgood and Haskins,^® who showed by a combination 
of yeast and the tungstic acid method an 11 to 32 mg lower reading 
m the former 

There is also a difference in the amount of dextrose present in 
venous and in capillary blood, Myers and McKean^ have shown in 
venous blood that the high peak is usually below 170 mg per hundred 
cubic centimeters and that it falls to the level for fasting in two hours, 
whereas in capillary blood the peak is below 200 mg per hundred cubic 
centimeters and falls below 120 mg in two and one-half hours 

Measurements of the amount of dextrose in the blood after its 
administration have been made at varying intervals, usually during fast- 
ing and one-half, one, two and three hours after the administration 
It seems that in the future an additional estimation should be made at 
the fourth hour Since most of the investigations have been made in 
relation to the diagnosis of diabetes, the curves usually have been divided 
into those for diabetic and those for nondiabetic patients They are 
variously described Mosenthal classified the curves as noimal when 
the rise was between 120 and 160 mg , high when the rise was a peak 
of 160 mg , prolonged when the curve failed to drop below 120 mg 
at the end of the second hour, high prolonged when the curve rose above 
160 mg and failed to return to 120 mg at the end of the second hour 
and low when the curve did not rise above 120 mg John ’’ classified 
the curves into straight (with little or no rise), normal (with a rise 
to between 160 and 200 mg but a return to the fasting level in one 
and one-half hours), prediabetic (with a delay in the return to the 
fasting level in two and one-half or three and one-half hours) and 
diabetic (when the return to the fasting level was delayed for from 
three and one-half to six hours) The consensus is that a normal curve 
starts at less than 120 mg at the fasting level, rises to a peak not over 
160 mg and returns in less than two hours to the fasting level In 
children it has been found that the return to the fasting level may be 
delayed for a longer period, two and one-half or three hours It has 
been pointed out that overweight children have a lower tolerance for 
sugar 

The significance, if any, of the variability of the curves in apparently 
normal subjects is unknown John found that among 287 subjects of 
normal weight there were 25 8 pei cent with diabetic curves, according 
to his definition Therefore, the report of high levels in such conditions 

10 Campbell, R A , Osgood, E E, and Haskins, H D Normal Renal 
Threshold for Dextrose, Arch Int Med 50 952 (Dec) 1932 

11 Mosenthal, H O The Interpretation of Sugar Tolerance Tests The 
Common Occurrence of Renal Glycosuria, M Clin North America 9 549, 1925 
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as dementia praecox (Lorenz will not be significant until the precise 
meaning of the term high is understood High prolonged curves likewise 
have been found in many diversified conditions of ill health hyper- 
thyroidism, nephritis, thrombo-angiitis obliterans, carcinoma, epitheli- 
oma (Mosenthal), hepatic disease (Gray^®), acromegaly, melancholia, 
Parkinson’s disease, etc (Myers and McKean) Large senes of these 
individual conditions must he studied so that when values are found 
that are higher than those foi a large series of noiinal subjects, the 
significance may be detei mined In this connection it seems that a 
failure of hepatic homeostasis is responsible for high prolonged curves 
in experimental animals (Soskin and Mirsky^^) 

Coller and Troost have stated that in hepatic damage the fasting 
level for sugar is low and the dextrose tolerance curve tends to be of 
a diabetic type To the failuie of hepatic homeostasis Soskin and 
Mirsky also attributed the occurrence of hypoglycemic reactions fol- 
lowing the ingestion of dextrose McClellan and Wardlow " have 
described this hypoglycemic reaction as occuinng in many conditions — 
fasting, exhaustion, low renal threshold for dextrose, endocrine and 
hepatic disease, infections and other miscellaneous disorders They have 
noted its tendency when there is only a small rise after the admmistia- 
tion of dextrose 

Not only is there a variability of the type of curves in any laige 
material, but individual curves obtained on diffeient occasions show a 
wide variation in a group of normal subjects, similarly, in those suffei- 
ing from epilepsy Lennox found that the 20 per cent of high curves 
obtained at one time was reduced to 10 per cent at a succeeding time 
The degiee of variability of curves in successive examinations in a 
group of normal subjects must be further studied 

THE EASTING LEVEL IN EPILEPSY 

Wide variations aie noted in the amount of sugai in the blood 
conceived to be within normal limits This of course is in pait due to 
the methods of examination, the type of diet leceived preceding the 
test, the state of general health and other factors perhaps not compara- 

12 Lorenz, W F Sugar Tolerance in Dementia Praecox and Other Mental 
Disorders, Arch Neurol & Psychiat 8 184 (Aug) 1922 

13 Gray, Horace Blood Sugar Standards, Arch Int Med 31 241 and 259 
(Feb) 1923 

14 Soskin, Samuel, and Mirsky, I A The Influence of Progressive Toxemic 
Liver Damage upon the Dextrose Tolerance Curve, Am J Physiol 112 649, 1935 

15 Coller, F A , and Troost, F L Glucose Tolerance and Hepatic Damage 

Ann Surg 90 781, 1929 ’ 

16 Lennox, W G Studies of Metabolism in Epilepsy, Arch Neurol & 
Psychiat 18 395 (Sept) 1927 
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ble for all the groups reported on The consensus is that the uppermost 
level IS 120 mg per hundred cubic centimeters Concerning the lowest 
normal level there is no agreement Lennox, O’Connor and Bellinger 
have placed it at 80 mg , Nielsen,^® at 75 mg , and Tyson, Otis and 
Joyce,^® at 80 mg 

Although an average of 100 mg per hundred cubic centimeters 
may be the normal lower level, marked variations occur in supposedly 
normal subjects to levels below 75 mg The numbers of such variations 
in a group must be further determined before any significance can be 
given to the occurience of a small percentage of readings below 80 mg 
and above a certain minimum 

Lennox, O’Connor and Bellinger, reviewing the literature prior to 
1927, showed that an examination of the fasting level for dextrose in 
the hands of many investigators, usually in a small number of cases, 
reveals a wide variance of conclusions Some have called attention to 
hyperglycemia (Heidema) and some to hypoglycemia (Wladyczko and 
Josephs) Others found normal values (Kooy, Westen, Holmstrom, 
Shaw and Moiiaiity) Of two authors with a large material, Wuth in 
40 patients found a range from 60 to 118 mg, with an aveiage of 
90 mg Weeks, Reimer, Allen and Wishard in 45 patients found values 
between 46 and 125 mg Lennox, O’Connor and Bellinger in 2,000 
examinations of 267 patients found extremes of 63 and 232 mg, the 
great majority being between 80 and 120 mg Fifteen per cent were 
beyond normal limits, 4 per cent being above 120 mg and 11 per cent 
below 80 mg They concluded that the study failed to show any abnor- 
mality in the concentration of sugar in the blood in epilepsy Felsen 
in 50 patients found 8 with a sugar content of less than 75 mg and 
6 with a value over 120 mg per hundred cubic centimeters Munch- 
Petersen and Schou in 166 patients found the following fasting levels 
60 to 69 mg in 5 per cent, 70 to 79 mg in 26 per cent, 80 to 89 mg in 
45 per cent, 90 to 99 mg in 22 pei cent and 100 mg m 1 per cent They 
used the Hagedorn-Jensen method of examination and did not consider 
these values as significant 

17 Lennox, W G , O’Connor, Mane, and Bellinger, Margaret Studies of 
Metabolism in Epilepsy II The Sugar Content of the Blood, Arch Neurol & 
Psychiat 18 383 (Sept ) 1927 

18 Nielsen, J M Convulsions of Undetermined Etiology Studies of’ the 
Blood Sugar, Arch Neurol & Psychiat 31 1055 (May) 1934 

19 Tyson, G N , Jr , Otis, L , and Joyce, T F Study of Blood Sugar of 
Epileptics, Am J M Sc 190 164, 1935 

20 Felsen, Joseph Laboratory Studies in Epilepsy, Arch Int Med 46 180 
(Aug) 1930 

21 Munch-Petersen, C J , and Schou, H I Investigations into the Sugar- 
Metabolism m Epileptics, Especially the Sugar Threshold in Adrenalin- and 
Glucosis-Hyperglycemia, Acta psychiat et neurol 6 545, 1931 
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Nielsen in 58 cases of epilepsy noted a periodic or constant ten- 
dency to show a low sugar content, considering the low figure to be 
10 pei cent below that of normal peisons, and he said he thought that 
a tendency to hypoglycemia is present in about 90 per cent of patients 
with epilepsy 

Tyson, Otis and Joyce reported that m 56 4 per cent of 92 patients 
the fasting level was below 80 mg Haury and Hirschfelder quoted 
Pigott as stating in a communication before the American Psychiatric 
Association on May 14, 1935, that a low fasting level for sugar is found 
in epileptic patients They examined 25 patients before, during and 
after seizures and in oach case found normal limits before the seizure, 
in no instance finding hypoglycemia 

In our own material studies in carbohydrate metabolism were earned out on 
a group of 55 males, ranging in age from 9 to 58 years and in 35 females from 
13 to 45 years of age (tables 1 and 2) In 42 males and in 29 females repeated 
fasting levels were available because both dextrose and insulin tolerance tests were 
made The studies were generally made from one to five days apart 

The Randles and Grigg ^3 micromethod was used in making the determinations 
This procedure is like the usual Folin-Wu method, but only 0 1 cc of blood is 
employed It was carried out on capillary blood obtained from the finger This 
method, according to Foster,^* gives higher and sharper curves for carbohydrate 
tolerance than does venous blood taken simultaneously The fact that arterial 
blood was used is of some value in interpreting the dextrose tolerance curves 

Among the males the fasting level for sugar was found to vary from 
52 to 125 mg per hundred cubic centimeters of blood The average 
level was 78 54 mg and the median 78 mg In the female patients the 
levels varied from 55 5 to 102 5 mg, with an average of 79 5 mg and a 
median of 80 5 mg The average level for the entire group was therefore 
78 5 mg and the median 78 8 mg This is well within the normal range 
for fasting levels One must keep in mind that such a figure must 
be considered as flexible for any given subject, despite the group con- 
stancy, provided the subject’s level remains within physiologic limits 
The reason is seen when an attempt is made to correlate the fasting 
level on two occasions Here there is noted a coefficient of correlation 

22 Haury, V G, and Hirschfelder, A D Some Observations upon Blood 
Glucose in Epilepsy, Proc Soc Exper Biol & Med 32 1658, 1935 

23 Randles, F S , and Grigg, W K Estimation of Blood Sugar by the 
Folin-Wu Method, Using One Tenth Cubic Centimeter of Blood, JAMA 
82 684 (March 1) 1924 

24 Foster, G L Carbohydrate Metabolism, J Biol Chem 55 291 and 303, 
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( a ) of 0 27 (Pearson product-moment method) So low a correlation 
indicates that it is impossible to predict a second reading fiom a first, 
even within a day or so, with the patient under constant conditions 
This, of course, may explain why different workers have reported 

Table 1 — De'^tiose Tohrcmce Tests — Males 





Dose 


Sugar, Mg per 100 Cc 

of Blood 




Weight, 

of Dex- 



A. 


^ 


patient 

Age 

Pounds 

trose* 

Pasting 

%Hour 

1 Hour : 

2 Hours 

3 Hours 

Comment 

20 

9 

75 50 

+ 

67 0 

104 0 

1810 

812 

125 0 

Glycosuria 

82 

9 

63 75 


86 2 

136 0 

194 0 

94 0 

92 0 

Glycosuria 

SO 

14 

85 00 


64 4 

90 2 

64 4 

82 5 

47 2 


42 

14 

105 00 


75 7 

97 5 

84 0 

62 9 

77 5 


1 

14 



75 5 

135 0 

79 0 

90 0 

78 0 


72 

15 

14S00 


83 0 

124 0 

136 0 

1210 

75 8 


45 

16 

16000 


78 8 

68 5 

79 5 

610 

64 5 


6 

16 

125 00 


75 5 

124 0 

102 0 

900 

79 0 


27 

17 

10150 

+ 

69 0 

136 0 

156 0 

75 6 

79 0 


86 

18 

150 00 


113 0 

150 3 

169 4 

1410 

95 0 


75 

18 

138 75 

+ 

93 0 

112 0 

160 0 

900 

79 0 


A 

18 

116 00 


73 5 

110 0 

142 0 

45 6 

810 


85 

19 

132 00 


79 3 

112 0 

88 8 

100 0 

80 0 


5 

20 

119 75 

+ 

91 5 

125 0 

102 0 

74 0 

80 0 


9 

20 

147 75 


62 5 

109 0 

97 0 

92 5 

101 0 


32 

22 

138 00 


72 0 

100 0 

103 0 

64 0 

521 


2 

23 

149 00 



106 0 

117 0 

710 

74 0 


6 

23 

131 00 


74 5 

109 0 

83 3 

70 9 

702 


3 

24 

116 00 


710 

159 0 

1410 

113 0 

980 


30 

24 

128 50 


79 0 

119 0 

1410 

1110 

72 0 


15 

24 

139 00 


79 0 

1590 

153 0 

900 

65 5 


60 

25 

132 00 

+ 

65 5 

108 5 

84 0 

66 5 

1114 


46 

26 

146 00 

+ 

95 0 

143 0 

172 5 

115 0 

840 

Glycosuria 

88 

26 

167 00 


84 3 

1280 

95 2 

89 7 

60 0 


39 

27 

128 00 


80 5 

112 0 

129 0 

1010 

95 5 

Glycosuria 

63 

27 

12100 

+ 

76 0 

127 0 

161 0 

115 0 

950 


74 

28 

156 00 


66 0 

100 5 

990 

55 0 

53 9 


83 

29 

167 00 


100 0 

143 9 

137 0 

66 4 

65 7 


65 

29 

118 25 

+ 

79 0 

162 0 

160 0 

103 0 

95 0 


51 

29 

185 50 

+ 

64 0 


111 5 

107 0 

26 0 


84 

31 

14175 


100 0 

122 0 


165 0 

133 0 


17 

32 

135 00 


88 0 

140 0 

117 0 

139 0 

57 0 


24 

34 

106 00 

+ 

86 0 

139 0 

160 0 

82 0 

102 0 


64 

35 

168 25 


85 0 

1610 

143 0 

85 0 

710 


40 

35 

210 00 

+ 

81 0 

102 0 

86 0 

74 0 

75 0 


73 

36 

165 00 

+ 

88 0 

106 8 

148 5 

560 

89 5 


71 

37 

177 00 


610 

140 0 

108 0 

80 5 

66 3 


61 

38 

156 00 


69 2 

134 0 

146 0 

134 0 

900 


78 

39 

114 50 


78 0 

102 0 

153 0 

95 0 

79 0 


10 

39 

126 00 


72 5 

1021 

106 2 

79 5 

63 4 


67 

39 

150 75 


63 0 

144 0 

135 0 

38 0 

124 0 


23 

40 

156 75 


79 0 

128 0 

220 0 

118 0 

123 0 

Glycosuria 

B 

41 

107 25 


68 5 

126 0 

147 0 

137 0 

74 4 


69 

42 

152 50 


72 0 

103 0 

94 5 

39 0 

61 0 


66 

43 

126 25 


52 0 

102 0 

105 0 

72 0 

44 2 


14 

43 

220 00 

4" 

885 

128 0 

159 0 

127 0 

70 5 

Glycosuna 

8 

46 

154 25 


80 6 

130 0 

144 0 

70 3 

81 5 


70 

47 

190 00 

+ 

69 0 

166 0 

86 0 

137 0 

82 0 


17 

50 

134 00 


77 5 

176 0 

105 3 

76 5 

45 5 


22 

52 

160 25 

+ 

810 

136 0 

154 0 

155 0 

86 0 

Glycosuria 

57 

54 

13100 


59 0 

810 

86 0 

580 

42 5 


C 

55 

133 25 


83 0 

174 0 

172 0 

122 0 

97 0 

Glycosuria 

25 

57 

128 50 

+ 

93 0 

222 0 

204 0 

147 0 

33 0 

Glycosuna 

79 

58 

143 50 


103 0 

246 0 

326 0 

164 0 

119 5 

Glycosuria 

D 

58 

125 25 


98 5 

187 0 

139 0 

33 2 

71 9 

Glycosuna 


* The oral dose of dextrose was 1 75 Gna per Xilogram of body weight except when a + 
sign IS inserted to show that 200 Gm was given 


Widely divergent readings for the fasting levels of patients suffering 
from epilepsy, although all the levels have fallen within physiologic 
limits 

It might be predicted from the lack of correlation between two 
fasting levels for dextrose for the same patient that any attempt to 
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correlate the fasting level with so constant a factor as the age or the 
weight would meet with failure as regards a significant r This is 
apparent from oui scattei diagiams When the correlation of the fast- 
ing level for dextiose with the weight is studied, the same failure is 
observed, whether the patient is undei weight, ovei weight or normal 
The outcome is identical if the fasting level is compared with the 
quotient of the weight divided by the age, the weight being corrected 
for the height and age according to standard tables piepared for msur- 


Table 2 — Dextiose Toleiance Tests — Fenmles 


Dose Sugar, Mg per 100 Ce of Blood 

f — 


itient 

Age 

Weight, 

Pounds 

of Dex- 
trose* 

Testing 

% Hour 

1 Hour 

2 Hours 

3 Hours 

Comment 

37 

13 

118 00 


72 2 

89 0 

62 0 

72 0 

87 0 

Glycosuria 

49 

13 

88 25 

+ 

75 0 

149 0 

118 0 

115 0 

127 0 

55 

14 

78 00 

-1- 

89 5 

252 0 

2950 

193 0 

156 0 

Glycosuria 

12 

15 

104 00 

+ 

98 5 

148 0 

214 0 

191 0 

102 0 

Glycosuria 

48 

16 

96 75 

83 5 

150 0 

1410 

158 0 

97 0 


16 

128 25 


88 8 

1351 

130 0 

884 

82 0 


4 

16 

130 00 

+ 

83 0 


148 0 

73 0 

114 0 



17 

100 50 


74 0 

137 0 

1110 

921 

62 > 


87 

17 

110 00 


70 0 

105 0 

105 0 

97 0 

57 0 


89 

17 

170 75 


79 6 

149 0 

102 0 

117 0 

84 0 


90 

18 

115 00 


78 8 

122 2 

128 0 

82 7 

60 0 


38 

18 

159 00 



154 0 

111 0 

91 2 

74 0 


31 

19 

90 00 

+ 

72 3 

130 2 


147 7 

31 3 


59 

19 

110 50 

+ 

72 8 

140 5 

138 0 

77 0 

118 0 


49 

20 

92 50 

+ 


184 0 

173 0 

190 0 


Glycosuria 

54 

21 

112 00 


102 5 

110 9 

111 0 

10S5 

85 5 


C 

24 

110 25 


80 0 

177 0 

198 0 

132 0 

97 0 


43 

26 



83 0 

134 0 

137 0 

78 0 

87 5 


29 

28 

120 50 

+ 

81 0 

120 0 

102 0 


70 0 


41 

29 

133 00 

-1- 

60 5 

93 0 


52 5 

51 0 


53 

30 

111 50 


84 0 

147 0 

118 0 

114 3 


Glycosuria 

30 

31 

124 00 


84 5 

187 0 

1616 

113 3 

122 5 


01 

32 

213 00 


75 0 

2110 

236 0 

138 0 

105 0 

Glycosuria 

20 

32 

101 50 


84 0 

132 0 

122 0 

113 0 

94 0 


50 

33 

129 50 


73 0 

93 5 

101 5 

103 5 

85 8 


2 

33 

121 75 


05 3 

909 

75 4 

04 3 

47 0 


18 

34 

125 25 

-1- 

83 0 

160 0 

139 0 

96 0 

107 0 


21 

35 

123 00 


79 0 

102 0 

49 0 

78 5 

52 5 


33 

37 

95 00 

-h 

84 4 

806 

105 0 

71 0 

50 2 


62 

37 

113 50 

+ 

830 

90 0 

108 0 

98 6 

85 5 


42 

40 

128 00 


97 0 

170 0 

147 0 

132 0 

104 3 

Glycosuria 

60 

41 

100 25 

-1- 

72 2 

1370 

104 0 

53 4 

103 0 

19 

42 

191 25 


851 

107 0 

111 0 

83 5 

91 0 


68 

42 

136 25 

+ 

79 4 

117 5 

145 5 

70 5 

70 0 


44 

45 

135 75 

-i- 

76 3 

130 0 

1410 

77 5 

68 2 



* Tho oral doso of dextrose was 1 75 Gm per kilogram of body weight except when a + 
sign IS inserted to show that 200 Gm was given 

ance companies There appears to be no significant coi relation A 
boy of 9 years might have the same fasting level as a man or woman 
of 40 or vice versa The males weighed more than the females — 136 4 
pounds (62 Kg ) as against 120 pounds (54 5 Kg ) for the median 
The males were also somewhat older, 30 to 26 3 years for the averages 
and 27 5 to 26 years for the medians 

Changes m the amount of dextrose in the blood have been reported 
as occurring in relation to epileptic seizures Lennox, O’Connor and 
Bellingei noted the reports of a number of investigators dealing with 
small numbers of patients, in various instances stating that the amount 
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of sugar was low, high or normal before an attack, and they concluded 
from their study that there was no direct relation between the level foi 
sugar and the seizures In 3 of 11 patients whose blood was examined 
immediately after a seizure Felsen found hypoglycemia Haury and 
Hirschfelder found a rise in the sugar content during the convulsion 
proportional to the severity of the attack In our studies there appeared 
to be no relation between the fasting level for sugar and the seizures, 
whether the attacks occurred before or subsequent to the drawing of 
blood The fallacy of single readings (to determine a hypoglycemic 
level) IS especially evident in this phase of the study Thus, readings 
of 68 and 67 6 mg per hundred cubic centimeters might be obtained 
for patients just before an attack, whereas on other occasions, when 
no attack was imminent, the leadings were 83 and 75 mg , respectively 
However, wider divergences, as between 65 and 103 mg and 58 and 
87 mg , for two readings were noted for patients who have had no 
attacks for years There was no difference in the fasting levels in the 
cases of oiganic epilepsy as compared with those of idiopathic epilepsy 

It appears, therefore, that the fasting level m this group of 90 
patients falls well within noimal limits It does not vary with age, 
weight, bromide medication or type of epilepsy Low levels are seen 
just before attacks in some patients as frequently as they are seen in 
others who have not had a seizure for years 

SUGAR TOLERANCE CURVES IN EPILEPSY 

Prior to the work of Lennox and Bellinger, only in small series 
of patients suffering from epilepsy were curves for sugar tolerance 
reported They reported on the study of 140 patients Considering a 
nse above 160 mg as high and a rise of less than 120 mg as low, 
they found 37 per cent high, 15 per cent low and 48 per cent normal 
curves When they analyzed their material, considering a rise to over 
165 mg or a failure to leturn to 120 mg at the second hour as high 
and a rise to not more than 110 mg as fiat, they had 24 per cent high, 
6 per cent flat and 70 per cent normal curves Their data gave no evi- 
dence of any abnormality of carbohydrate metabolism that might in itself 
induce seizuies In relation to the significance of any change in carbo- 
hydrate metabolism in epilepsy, Lennox and Cobb said that “a minor- 
ity of patients show an abnormal or variable response to the adminis- 
tration of glucose, for which the explanation is obscure ” Munch- 
Petersen and Schou found variable curves in their 166 patients but 
did not think they were significant In 58 patients Nielsen found 
50 who failed to show a rise above 120 mg and 15 who failed to show 

25 Lennox, W G , and Cobb, S Epileps}' from the Standpoint of Physiology 
and Treatment, Medicine 7 105, 1928 



POLLO CK-BOSHES—EPILEPS Y 


1009 


a rise above 100 mg m the first half lioui , 39 failed to show a leturn 
to the fasting level at the third hour and in 11 the lowest point occuried 
at the fourth hour These results are at consideiable variance with those 
reported by otheis Tyson, Otis and Joyce in a study of 7 patients 
found delayed and high curves foi 2 patients who had the most ficquent 
attacks 

Dextrose was given orally, one group being given 200 Gm irrespective o£ 
weight and the others 1 75 per kilogram of weight Blood was drawn from the 
finger after one-half, one, two and three hours Specimens of urine were examined 
for evidence of glycosuria Ninety patients were studied (tables 1 and 2), the 
curves being classified as high when showing over 160 mg per hundred cubic 
centimeters of blood and low when the acme of the curve did not reach 120 mg 
Delayed curves were those that did not fall to at least 120 mg at the second 
hour and others that were found to be at a significant point above the fasting level 
at the third hour Thus, a curve might be high delayed, i e, over 160 mg at 

Table 3 — Dcvhose Toletance Cnivcs, Summa)y 



High Curves 

Low Curves 

Normal Curves 

A 


Number 

■ — - \r 

Percentage 

Number 



Percentage 

Number 

\ 

Percentage 

Males 

11 

20 

13 

24 

31 

66 

Females 

12 

S5 

7 

18 

15 

47 

Totals 

23 

26 

20 

21 

46 

53 


the acme and not below 120 mg at the second hour, or it might be normal delayed 
The hypoglycemic phase of the curve was studied, especially in relation to the 
response of the patient to the administration of insulin 

Twenty-six per cent of the dextiose tolerance curves were high, 
53 per cent noimal and 21 per cent low (table 3) The highest value 
noted was 326 and the lowest 80 mg Statistical con elation of the type 
of curve to the age, weight, age and weight, sex, and blood pressuie were 
such as to make the coefficient of no value There was no relationship 
between the fasting level and the height of the curve or between the 
lowest level of the insulin tolerance curve and the highest level of the 
dextrose tolerance curve Cognizance was taken of the fact that 41 
per cent of the patients were underweight Their weights weie coi- 
rected in accordance with insurance tables, but the correlation to the 
highest dextrose value was only 0 218 Only 19 of the entire group weie 
moie than 5 per cent ovei weight, as compaied with average values 
Of these, only 7 (37 per cent) showed high cuives, while 9 showed 
normal and 3 showed low curves This is not in keeping with John’s 
figures of 65 6 per cent high curves for obese patients Only 12 patients 
were more than 10 per cent overweight, and 4 of these showed high 
curves 
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Thirt)’--three patients, 17 males and 16 females, were given 200 Gm 
of dextrose, irrespectne of their weight Five females and 1 male 
showed high curves, 3 females and 2 males low curves and 8 females 
and 13 males normal cur^es The 19 per cent high curves foi patients 
given 200 Gm of dextrose is even lower than the 26 per cent of high 
cun^es for the entire group Giving a patient an overdose of dextrose 
IS in no way a factoi m the production of a high curve This is in keep- 
ing with Gray’s studies of the comparative i espouses of patients given 
varying amounts of dextrose in a tolerance test 

In the age correlations attention may be called to the fact that for 
the males studied here the high curves were clustered in the group from 
50 to 59 years old, while for the females they were m the group from 
10 to 19 years old Since only 1 of these patients had hypertension and 
none was obese, the reason for this apparently paradoxical distiibution 
must be sought elsewheie The closest correlating factor seemed to be 
organic epilepsy These high curves were seen in 3 of the 7 girls who 
had organic epilepsy, while 4 others with organic epilepsy showed nor- 
mal curves Every high curve for patients 50 yeais of age or more 
was seen m a subject with organic epilepsy However, the cause of 
the organic change was early senescence, and it is entirely possible that 
the same disintegrative factors were at work breaking up the hemostatic 
mechanism for carbohydrate metabolism and producing senescence and 
epilepsy This small group of older men was the only one in the present 
study in which there was a definite age correlation 

As had been noted in the section on the fasting level of the blood 
sugar, bromide levels of fiom 75 to 300 mg per bundled cubic centi- 
meters caused no alteration in the acme of the dextrose tolerance curves 
Some woikers have considered curves which fail to return to a level 
below 120 mg at the second hour as abnormal There were 11 patients 
(12 3 per cent) who showed this type of curve Four of these showed 
an acme in the curve below 160 mg and a return to a normal level by 
the third hour Seven were patients who showed peaks over 160 mg , 
and 4 showed peaks over 215 mg All but 2 of the patients showed a 
drop m the curve to a normal level by the third hour, 1 showing a return 
to 133 mg and another with a curve reaching 295 mg showing a return 
to 156 mg The latter patient, a girl of 14 years, had been having 
numerous epileptic attacks just before the test was made The fasting 
le-\el was 85 mg There were no other significant correlative data in 
these second hour delayed curves Eighteen patients showed a significant 
failure for the curve to return at the third hour (20 per cent) Nine 
were males and 9 females In 9 of the 18 patients the curve failed to 
fall below 110 mg at the third hour, and m 6 cases it failed to fall 
below 120 mg This failure to return after three hours was apparently 
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not related to a high peak, as in 9 patients who showed a third hour 
delayed curve the peak was high and in 9 it was normal 

In no instance was there diabetes, hyperthyroidism or nephritis, 
the common causes for high or high delayed curves Hypertension was 
noted in only 1 of the 18 patients 

The dextrose tolerance curve for 12 females and 23 males (39 per 
cent of the patients) dropped below the fasting level This was not 
related to the height of the curve (only 6 of the 35 showed high curves , 
11 showed low curves) Four of the males had been given 200 Gm 
of dextrose, but 12 other males who were given the same dose had no 
hypoglycemic phase Nine of the 12 females had been given 200 Gm 
This might be significant were it not for the fact that 7 other females 
who were given 200 Gm of dextrose showed no hypoglycemic phase 
The hypoglycemic phase was not related to any phase of the insulin 
tolerance curve, the percentage of the return or the returns above the 
fasting level The hypoglycemic phase has been reported as occurring 
in normal persons (Gray and others) Hawk and Bergheim^® have 
pointed out that dextrose tolerance studies of (arterial) blood from the 
finger show curves that are more likely to present a hypoglycemic phase 
The character of the dextrose tolerance curve is not related to the 
type of epilepsy, organic or functional An analysis reveals that 39 per 
cent of the patients with organic epilepsy showed high curves (this of 
course includes the men over 50), 32 per cent low curves and 35 per 
cent normal curves 

Finally, the type of curve is unrelated to the result of treatment 
Seventy per cent of those with high curves, 63 per cent with low curves 
and 77 per cent with normal curves were improved on treatment There 
IS not sufficient difference in the three groups to make the type of 
dextrose tolerance curve significant as a prognostic measure 

The dextrose tolerance curves in our study may be fractionally ana- 
lyzed and summarized by comparison with similar analyses of the inves- 
tigations of others who used the same technic (table 4) Our fasting 
levels are below those given both for normal and for epileptic subjects 
and are closest to the figure given by Nielsen’-® Our one-half hour 
reading is about that given for normal subjects, except that given by 
Gray, which is higher and falls between the values given by Nielsen 
and Lennox for epilepsy At one hour our reading is a trifle higher than 
the normal reading and falls between the values in epilepsy, being close 
to Lennox’ figure At two hours our average is below all the normal 
levels and again falls between the values given b} Nielsen and Lennox 
for epilepsy At three hours our values are below the normal levels 


26 Hawk, P B , and Bergheim, O 
Philadelphia, P Blakiston’s Son & Co , 1931 


Practical Physiological Chemistry, 
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and slightly above Nielsen’s value for epilepsy The values m the three 
groups of patients suffering from epilepsy are sufficiently close together 
to be considered similar Furthermore, all the values are well within 
normal zones (charts 1 to 3) 

Statistical study of these curves places them closer to normal than 
any other curves reported for nondiabetic conditions (hypertension with- 
out nephritis, renal glycosuria without nephritis, renal glycosuria with 


Table 4 — Devtiose Toleimice Tests 




Sugar, Mg per 100 Cc 

of Blood 




No of 
Subjects 

Average 

Values 

Median 

Values 

Range 

^ Coefficient 

Standard of 

Deviation Vanability 

Normal Subjects 

Fasting 

2VG 

90 2 

97 8 

160 40 

19 3 

200 

% hour 

158 

149 8 

1481 

230 60 

31 2 

208 

1 hour 

300 

120 8 

121 2 

280 40 

37 6 

29 8 

2 hours 

252 

nil 

109 5 

260 30 

30 0 

27 0 

3 hours 

103 

97 9 

95 0 

170 40 

21 7 

222 

Lennon 

Pasting 

23 

102 9 

98 6 

141 79 

14 7 

14 4 

y. hour 

23 

140 4 

133 7 

239 87 

33 4 

23 2 

iTour 

23 

122 2 

118 3 

188 56 

34 2 

280 

2 hours 

23 

115 4 

109 3 

165 80 

20 4 

17 6 

Nielsen 

Pasting 

hour 

1 hour 

2 hours 

3 hours 


88 0 

137 0 

129 0 

103 0 

87 0 





Epileptic Patients 

Leimo\ 

Fasting 

139 

962 

95 7 

229 68 

15 5 

16 2 

% hour 

137 

145 2 

1451 

500 83* 

29 4 

202 

1 hour 

138 

136 8 

127 9 

318-09 

42 8 

312 

2 hours 

130 

117 0 

110 5 

295-67 

34 0 

290 

Nielsen 

Pasting 

V_ hour 

1 hour 

2 hours 

3 hours 


80 0 

119 0 

104 0 

87 0 

76 0 





Our Results 

Pasting 

SO 

78 5 

79 0 

52-113 

12 2 

15 6 

hour 

80 

133 8 

128 7 

68 5-252 

34 6 

25 0 

1 hour 

84 

134 3 

129 0 

49 326 

42 0 

312 

2 hours 

86 

97 2 

92 0 

33 2 190 

35 0 

36 0 

3 hours 

85 

82 7 

81 7 

33 156 

23 8 

28 8 


* Statistical computations in this senes are based on a range between 240 and 80 mg 
Three atypical values between 300 and 500 mg were omitted m order to represent accurately the 
more homogeneous measures 


chronic nephritis, nondiabetic pregnancy with a high sugar level, hyper- 
thyroidism, hypothyroidism, hepatic disease, acromegaly, or hyperpitu- 
itarism, and hypopituitaiism, or dyspituitarism) 

THE RENAL THRESHOLD FOR SUGAR 

Opinions about the level of the blood sugar at which sugar should 
appear in the urine are extremely varied Mosenthal reported 170 mg 
per hundred cubic centimeters, Campbell, Osgood and Haskins put it 
in a range between 125 and 220 mg, while John found that glycosuria 
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occurs at levels below 180 mg of dextrose in the blood in 83 8 per cent 
of normal subjects He has called attention to an individual threshold 
for each person In some cases no glycosuria occurred when the amount 
of dextrose in the blood was over 200 mg per hundred cubic centimeters 
In from 16 to 20 per cent of the normal subjects in whom it occurred 
there was over 180 mg of dextrose per hundred cubic centimeters of 
blood, as well as in 20 per cent of the underweight and 46 per cent of 
the obese subjects 



Chart 1 — Dextrose tolerance curves for normal subjects reported on by Gray 
The shaded zone indicates the normal values 

Lennox and Bellinger, from 209 observations on 140 patients, found 
glycosuria in 32 per cent At the end of the second hour in 64 pei cent 
there was glycosuria when the value for blood sugar was ovei 200 mg , 
in 50 per cent when it was between 175 and 199 mg , 21 per cent when it 
was between 150 and 174 mg , 28 per cent when it was between 125 and' 
149 mg and 10 per cent when it was below 125 mg Felsen, not mea- 
suring the amount of sugar in the blood, noted that after the ingestion of 
200 Gm of dextrose only 15 of 47 patients excreted sugai in the urine at 
the end of the second hour He concluded from this that epileptic patients 
can tolerate and store large amounts of carbohydrate Munch-Petersen 
and Schou in a study of 36 patients found no sugai m the urine of 9 
when the blood sugar content was about 180 mg , of 7 when it was below 
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160 mg and of 2 when it was above 250 mg Since they combined 
injections of epinephrine and of dextrose, the results are not comparable 
with those given in other reports 

Of 90 patients with hyperglycemia induced by the oral administra- 
tion of dextrose, only 18 showed glycosuria, 11 males and 7 females 
(20 per cent) Most of the patients who showed urinary sugar had 
attained a high level of dextrose tolerance, although sugar was present 
m the urine of patients with levels as low as 129 mg for blood sugar 



Chart 2 — Dextrose tolerance curves for our series of epileptic patients 

Eleven of the 18 patients showed high curves, i e , over 160 mg , and 
3 did not fall below 120 mg at the second hour (so-called diabetic type 
of curve) On the whole, the normal thresholds were high, 189 mg 
for the females and 187 mg for the males, an average of 188 mg for 
the group However, as has been pointed out by many authors, indi- 
vidual analyses do not follow group figures Thus one sees an occasional 
level as high as 290 mg unaccompanied with dextrose in the urine The 
ranges given by John for normal subjects show an average of above 
140 mg and below 180 mg observed m 83 8 per cent of the patients 
Only 9 (69 2 per cent) of 13 of our patients with over 180 mg of 
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sugar in the blood had glycosuria If the normal threshold is considered 
as 160 to 180 mg (Hawk and Bergheim-“), 14 patients showed an 
increased tolerance However, individual ranations forbid the stressing 
of this point 

Of more significance is the fact that theie are no evidences of a 
decreased tolerance, i e , gl}Cosuria with a low content of blood sugar, 
as in “renal diabetes ” 



Chart 3 — ^Dextrose tolerance curves for the epileptic patients reported on by 
Lennox 

IIsSULIN TOLERANCE TESTS 

Analogous to the increase of sugar in the blood after the administra- 
tion of dextrose is its diminution after the injection of insulin After 
the injection of insulin the amount of sugar in the blood diminishes at 
a certain rate, then increases at a certain rate to the fasting level The 
insulin has been injected intrar enously and intramuscularly It has 
been given in certain stated amounts, as 10 units, irrespectue of. the 
subject’s weight, and in certain amounts representing 0 1 unit per 
kilogram of body weight As with tests for sugar tolerance, so with 
those for insulin tolerance— there seems to be a marked variability in 
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the response of normal subjects, and the complete significance of cer- 
tain deviations is not known 

McCormick, MacLeod, Noble and O’Brien have said that the 
extent of the reduction of the sugar content does not follow closely the 
dose per kilogram or correspond to the actual level of the blood sugar 
before the injection is given Neither does the method of injection, 
intramuscular or intravenous, make any significant change m the steep- 
ness of the curve The subsequent behavior depends partly on the dose 
of insulin and partly on the glycogen content of the liver Sevrmg- 
haus, Kirk and Heath examined 8 students, 4 units of insulin being 
given to 4, 8 to 2 and 10 to 2 They found that the types of curves 
vai led and were unrelated to the dose per kilogram of body weight The 
diiiation likewise was variable, and the symptoms of hypennsulimsm 
appealed at no definite level Roughly, the extent and duration seemed 
paiallel to the dose 

Bodansky and Simpson examined men after the intravenous injec- 
tion of 2 units of insulin and found that the lowest level occurred about 
eighteen minutes after the administration The total depression they 
considered as related to the weight, and the depression was slower in 
fat persons The return began immediately after the lowest point was 
reached and was complete in seventy-five minutes, being delayed in 
those who were overweight This relation to weight has been observed 
by others Foi example, when 10 units of insulin was injected sub- 
cutaneously, it was observed that in obese persons the average fall was 
28 mg , wheieas m undernourished subjects it was 59 mg Collens 
and Grayzell,®° injecting 0 2 unit per kilogram of body weight intra- 
venously, found the lowest sugar level at the end of the first half-hour 
and a rapid recovery to the fasting level within forty-five minutes Bet- 
ter to study the type of curve, Sendrail computed the area enclosed by 
joining with the base line the points of the sugar levels during fasting, 
one-half hour and at other intervals, and in this way obtained an indi- 
cation of the depth m fall and the slowness of the return as reflected 
by differences in the areas In addition, he noted in 16 normal sub- 

27 McCormick, N A , MacLeod, J J R , Noble, E C , and O’Brien, K 
The Influence of the Nutritional Condition of the Animal on the Hypoglycemia 
Produced by Insulin, J Physiol 57 234, 1923 

28 Sevringhaus, E L , Kirk, Elizabeth, and Heath, H J The Duration 
and Magnitude of the Hypoglycemia After Insulin, Am J M Sc 166 677, 1923 

29 Bodansk 3 ', Aaron, and Simpson, Sutherland Blood Sugar of Normal 
Human Subjects After the Intravenous Injection of Insulin, Quart J Exper 
Physiol 17 57, 1927 

30 Collens, W S , and Grayzell, H G Blood Sugar Response to Intravenous 
Insulin in Normals and m Diabetics, Proc Soc Exper Biol & Med 28 487, 1931 

31 Sendrail, M L’epreuve de tolerance a I’lnsuhne, Ann de med 27 289, 
1930 
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jects that the drop in the amount of sugar averaged 24 mg and that 
the return to the fasting level occuired within an average of sixty-five 
minutes and never with an interval of over ninety minutes 

Although variations occur, the expected curve is one in which the 
greatest fall is noted within the first half-hour when the insulin is 
given inti avenously or in large amounts subcutaneously, and probably 
It is the same when doses of 10 units are given subcutaneously The 
return begins promptly and is complete in less than three hours, usually 
within thirty-five minutes, the average interval being sixty-five minutes 
Increased sensitivity, reflected by a gi eater fall than is expected in the 
normal subject, has been observed in diabetic patients and in animals 
with an Eck fistula (Sprague In animals like rats a return to a 
level below the original fasting level has been observed after the thud 
houi This may persist for as long as six hours and has been explained 
on the basis of inanition (Hrubetz^®) 

The percentage of noimal subjects in whom the fall exceeds the 
arbitrary figure of 30 mg per hundred cubic centimeters must be ascer- 
tained In some instances after a standard dose of 10 units of insulin, 
a fall of from 9 to 45 mg has been recorded m normal subjects and as 
high as from 42 to 62 mg in undernourished subjects The delay in 
fall, the delay in return and the failure of return also must be carefully 
studied in a large number of normal subjects For the most part one 
can only record the findings for a group of patients with epilepsy and 
guess at the general resemblance to expected normal curves 

Baudouin and Azerad®* examined 19 patients with epilepsy, inject- 
ing 10 units of insulin intravenously They recorded an expected fall 
in the first half-hour in 16 of the patients, and all showed a return 
nearly to the fasting level by the third hour In 4 the sugar content 
of the blood dropped below 30 mg , in 1 to 16 mg 

In an article which appeared after our study had been completed, 
Ziskind and Bolton reported on insulin tolerance tests on 40 patients 
with epilepsy In 20 patients tiauma, syphilis, encephalitis, alcoholism, 
psychoneuroses, narcolepsy or an “organic condition” was thought 
either to be the cause of the convulsive disorder or to be associated with 
it The major thesis of their experiment was to determine the effect 
of induced hypoglycemia on the convulsions They gave fiom 10 to 


32 Sprague, Randall G Effect of "Chronic” Experimental Liver Damage 
on the Blood Sugar Response to Insulin, Am J Physiol 110 488, 1934 

33 Hrubetz, M Caroline The Time Curve After Insulin, Am T Phvsiol 

110 384, 1934 -Toysioi 

34 Baudouin, A , Azerad, E, and Lewin, J Epreuve d’hypoglycemie insulin- 
ique chez les epileptiques, Compt rend Soc de biol 114 902, 1933 

35 Ziskind, Eugene, and Bolton, Ruth Insulin Hypoglycemia in Epilensv 
Arch Neurol & Psychiat 36 331 (Aug) 1936 
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60 units of insulin subcutaneously to the 40 patients, and in no instance 
did a convulsion ensue, although in 1 instance the sugar content of the 
blood dropped to 28 iiig pei hundred cubic centimeters 

The fact that the doses of insulin, varying fiom 10 to 60 units, 
were so much greater than those used by us in all but 5 cases, precludes 
any comparison of the cuives However, a failure foi the curve to 

Table 5 — Insulin Tolciance Tests — Males 


Sugar, Mg per 100 Cc of Blood 




M eight. 

Units of 

i 


K 



Patient 

Age 

Pounds 

Insulin 

Pasting 

% Hour 

1 Hour 

2 Hours 

3 Hours 

20 

9 

75 50 

10 

73 5 

47 0 

78 0 

90 5 

880 

S2 

9 

60 75 

10 

109 0 

77 0 

62 2 

64 0 

55 0 

11 

11 


10 

80 0 


50 2 

37 8 

48 1 

28 

14 

93 00 

10 

92 0 

68 5 

41 5 

910 

80 5 

SO 

14 

S3 23 

10 

54 5 

00 4 

37 9 

21 9 

331 

42 

14 

103 00 

10 

73 0 

50 7 

51 5 

58 8 

59 0 

72 

15 

148 00 

10 

73 5 

07 0 

60 0 

67 0 

80 0 

45 

16 

160 00 

10 

94 0 

62 7 

51 5 

74 0 

77 0 

11 

16 

118 00 

10 

80 0 

76 6 

46 5 

57 8 

60 0 

SG 

18 

150 00 

10 

125 0 

94 3 

65 7 

67 4 

82 0 

75 

18 

138 75 

10 

93 5 

77 0 

82 0 

75 0 

94 0 

A 

18 

116 00 

10 

710 

40 0 

40 5 

34 2 

37 2 

85 

19 

132 00 

10 

64 8 

42 3 

54 0 

49 5 

04 5 

5 

20 

119 73 

10 

70 5 

70 5 

48 0 

60 0 

64 5 

32 

22 

138 00 

10 

73 0 

38 0 

30 0 

46 0 

610 

0 

23 

13100 

10 

82 0 

75 0 

37 5 

53 5 

07 2 

46 

20 

146 00 

10 

78 4 

49 2 

53 2 

60 6 

74 2 

8S 

26 

107 00 

10 

67 6 

36 0 

Too low 

52 6 

66 0 

39 

27 

128 00 

10 

76 2 

49 8 

351 

47 2 

46 2 

63 

27 

121 00 

1<) 

73 0 

600 

49 0 

56 6 

66 8 

74 

28 

156 00 

10 

66 0 

55 2 

38 5 

43 0 

49 5 

05 

29 

118 25 

10 

80 5 

471 

41 6 

47 6 

63 5 

84 

31 

141 75 

10 

86 8 

57 4 

32 8 

46 0 

561 

64 

33 

168 25 

10 

86 0 

64 0 

61 0 

710 

56 0 

73 

36 

105 00 

10 

87 0 

76 0 

93 0 

810 

510 

71 

37 

177 00 

10 

67 0 

58 0 

30 9 

51 2 

50 9 

61 

38 

156 00 

10 

115 0 

74 0 

79 0 

53 0 

80 0 

78 

39 

114 50 

10 

79 5 

69 5 

44 0 

510 

44 0 

10 

39 

126 00 

10 

77 4 

62 1 

22 5 

25 0 

26 3 

5 

39 

130 75 

10 

78 0 

50 0 

40 0 

310 

33 0 

OS 

39 

153 00 

10 

78 0 

68 0 

63 0 

38 0 

53 0 

09 

42 

152 50 

10 

52 6 

34 6 

34 8 

40 2 

42 7 

66 

43 

126 25 

10 

68 0 

39 0 

35 4 

42 7 

418 

8 

46 

154 25 

10 

108 0 

83 5 

68 2 

54 5 

76 0 

70 

47 

190 00 

10 

70 5 

39 0 

47 0 

51 5 

55 3 

77 

50 

134 00 

10 

97 0 

78 0 

38 0 

43 3 

51 8 

57 

54 

131 00 

10 

86 6 

59 0 

37 5 

24 5 

17 0 

0 

55 

133 25 

10 

710 

75 0 

62 0 

47 5 

39 5 

25 

57 

128 50 

10 

79 5 

89 0 

41 5 

43 2 

51 3 

79 

58 

143 30 

10 

90 0 

86 5 

64 5 

43 5 

56 0 

D 

58 

125 25 

10 

1010 

79 3 

40 3 

62 3 

73 0 


return to the fasting level at the end of the third hour was seen in 
28 of the 29 patients for uliom the fasting level was recorded in their 
table 

Insulin tolerance tests were performed on 70 of the patients with epilepsy, 41 
males and 29 females who were included in our de'^trose tolerance studies 
(tables 5 and 6) Each was given 10 units of insulin subcutaneously, regardless 
of the body weight, except 9 females, who were given 0 1 unit per kilogram of 
body weight While the general response of these 9 females was similar to 
that of the rest of the group, certain differences will be worth pointing out later 
in the detailed description 
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All but 5 of the 70 patients showed a fall within one-half houi 
aftei the administration of insulin These 5 showed a reduction in the 
sugar level at the first houi, but 3 showed little or no return at three 
hours, 1 a poor return and 1 a fairly good letuin The last patient 
showed the same level at one-half hour as during fasting The other 
4 showed a rise one-half houi aftei the administration of insulin The 
curves for these 5 did not differ in depth fiom those for the others 
While It seems from the literature that the lowest level should be 
attained within one-half hour and the retuin to near-fasting levels 
within ninety minutes, oui studies do not bear this out Of the /O 

Table 6 — Insulin Tolciance Tests — Females 


Sugar, Mg per 100 Cc of Blood 


Patient 

Age 

Wcignt, 

Pounds 

Units of 
Insulin 

/ 

Fasting 

Hour 

1 Hour 

2 Hours 

3 Hours 

37 

13 

118 00 

53 

84 0 

32 8 

08 5 

83 0 

72 6 

55 

14 

78 00 

10 0 

85 5 

63 4 

400 

52 3 

64 0 

12 

15 

104 00 

10 0 

73 5 

68 5 

35 0 

22 0 

29 6 

4S 

10 

90 75 

4 4 

69 0 

72 8 

50 7 

63 2 

06 0 

h 

10 

128 25 

10 0 

66 5 

54 5 

33 8 

39 2 

52 5 

4 

16 

130 00 

10 0 

87 0 

57 5 

40 0 

65 5 

94 0 

P 

17 

100 50 

40 

900 

37 0 

43 0 

36 0 

52 0 

87 

17 

no 00 

10 0 

74 6 

661 

31 0 

40 5 

55 0 

89 

17 

170 75 

10 0 

77 2 

61 3 

507 

45 0 

48 0 

90 

IS 

115 00 

10 0 

84 0 

76 2 

70 7 

500 

54 0 

38 

IS 

159 00 

71 

89 0 

43 5 

50 0 

72 6 

81 5 

31 

19 

90 00 

10 0 

75 4 

45 4 

30 7 

44 3 

62 0 

59 

19 

110 50 

10 0 

900 

65 8 

57 4 

57 2 

565 

49 

20 

92 50 

10 0 

77 5 


31 0 

58 0 

57 0 

54 

21 

112 00 

59 

72 9 

29 7 

42 5 

69 0 

78 0 

G 

24 

110 25 

10 0 

91 8 

49 5 

38 2 

52 6 

52 6 

30 

31 

124 00 

50 

73 5 

33 0 

05 0 

77 5 

70 0 

61 

32 

213 00 

97 

72 0 

32 0 

58 2 

71 6 

76 0 

20 

32 

101 50 

40 

70 5 


COO 

76 0 

82 5 

50 

33 

129 50 

10 0 

81 5 

000 

39 2 

48 8 

48 8 

2 

33 

321 75 

10 0 

55 5 

39 3 

32 6 

32 8 

31 7 

10 

34 

125 25 

10 0 

CG 0 

58 2 

3S8 

48 2 

52 6 

21 

n 

123 00 

10 0 

73 0 

48 3 

53 8 

80 0 

06 0 

33 

37 

95 00 

10 0 

79 0 

GSO 

44 2 

09 0 

70 5 

42 

40 

128 00 

5S 

89 0 

41 6 

81 0 

741 

78 2 

60 

41 

190 25 

10 0 

76 0 

04 5 

67 0 

76 3 

502 

19 

42 

191 25 

10 0 

S3 0 

22 5 

44 5 

81 4 

89 0 

j8 

42 

136 25 

10 0 

82 5 

78 0 

60 2 

52 0 

59 0 

44 

41 

liio 73 

10 0 

92 0 

70 0 

62 5 

43 0 

46 5 


curves only 18 6 per cent were at the lowest point at the one-half 
hour reading , 47 1 per cent w^ere low^est at one hour, 21 4 per cent at 
two hours and 13 0 per cent at three hours It is possible that this larger 
dose given subcutaneously produces a slowei but moie piolonged action 
than the intravenous dose usually described 

The average fall m the group of patients who were given 10 units 
of insulin w'as 41 8 mg per hundred cubic centimeters, while that in 
the 9 who were given 0 1 unit per kilogram of body weight was 41 4 
mg The drop may therefore be related moie to the method of adminis- 
tration and the metabolism of the patient than to the size of the dose 
(Sevrmghaus, Kirk and Heath ^8) 

Weight correlations w^ere made because seveial reports have been 
made regarding a diffeience in the falls in underweight, overweight and 
normal subjects The average fall was 44 5 mg per hundred cubic 
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cctitniKleis for the OAen\ eight females in oui group, 45 mg for the 
females of normal ^Yelght, 31 6 mg for the females who were under- 
weight, 40 6 mg for the males who ivere overweight, 44 6 mg foi the 
males of normal weight and 44 3 mg for the males who w^ere under- 
i\ eight This IS in contrast to other figures wdiich have shown that 
the sugar lei els for undernourished subjects fall farther than those 
for normal subjects who are receiving insulin 

Fifty per cent of all the curves fell over 40 mg per bundled cubic 
centimeters, 41 per cent fell fiom 40 to 20 mg and only 9 per cent fell 
less than 20 mg (table 7 ) In distinct contrast to the results repoited 
in the literature wdiich lead one to expect a return to fasting or almost 


Table 7 — Insulin Toleiance Cmves, Summaiy 


Males 

lemalcs 

Totals 

Drop Phase of Curve for Blood Sugar 

r 

Less Than 20 to Over 

20 Mg 40 Mg 40 Mg 

Return Phase of Curve for Blood Sugar 

^ — ^ 

Over Under 

50% 60% No Return 

f ^ 

Lum Per 

her centage 

8 7 

i 11 

0 9 

/ 

Num Per 
her centage 

20 49 

9 31 

29 41 

Num Per Num- Per 

her centage her centage 

18 44 19 4G 

17 58 IS 62 

35 50 37 53 

Num Per 
her centage 

16 39 

8 28 

24 34 

Num Per 
her centage 

6 15 

3 10 

9 13 

Table 8 

— Summary 

of Insuhn 

Tolei ance 

Tests foi Our Epileptic Patients 



Sugar per 100 Cc ot Blood 




Number 

’ 

Average 

—A. 


-s 

CoefBcient 


Of 

Median 

Range m 

Standard 

of 


I’aticnts 

Values 

Values 

Values 

Deviation 

Variability 

riistint 

71 

80 5 

S3 2 

52 6 125 0 

13 0 

16 2 

^ hour 

CO 

57 7 

COG 

29 7 94 0 

16 5 

28 6 

1 hour 

70 

52 G 

4b 7 

22 8 93 0 

16 6 

316 

2 hours 

70 

55 4 

53 5 

21 9 00 5 

16 9 

30 6 

S hour« 

70 

GO 3 

jSG 

17 0 89 0 

16 7 

27 8 


fasting levels in ninety minutes, only 21 per cent of the 70 patients 
show'ed a 90 per cent or better return at three hours A return of over 
100 pel cent was noted foi 114 per cent, and 13 per cent did not show 
a return at all Only 53 pei cent returned beyond 50 per cent 

The entire picture of the insulin toleiance curve of the 70 patients 
IS eiident in an anal) sis of the median at each reading From a fasting 
level of 83 2 mg per hundied cubic centimeters, the curve of the 
median drops to 60 6 mg at one-half hour and to 48 7 mg at the first 
hour , it returns to 53 5 mg at the second hour and to 58 6 mg at the 
third hour — 24 6 mg below the fasting level The last represents a 
28 7 per cent failure to retuin (table 8) 

Studies ot the averages which we obtained indicate that there is 
a 1 asting Ie\ el of 80 5 mg per hundred cubic centimeters, with a drop 
to 5/ / mg at one-half hour to 52 6 mg at one hour, to 55 4 mg at 
the second hour and to 60 3 mg at the third hour — a 63 per cent return 
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It IS significant that no matter how the figures are analyzed, the greatest 
fall IS at the first hour and the return is incomplete When an attempt 
IS made to correlate the low point of the curve for insulin or the return 
with the age, weight, state of nutrition and height oi with the dextiose 
tolerance curve, so low a coefficient is obtained that it is evident that 
at least m this group no relation exists Theie is no correlation between 
the highest sugar level after the administration of dextiose and the 
lowest level after the injection of insulin, or between the percentage 
return of the former and the percentage recovery of the latter Noth- 
ing in the configuration of the dextrose curve is i elated to that of the 
insulin curve, e g , in patients who show a late fall in the dextiose 
curve below the fasting level, no rise above the fasting level occurs 
late in the insulin curve 



Chart 4 — Insulin tolerance curves for our senes of epileptic patients 

i, 

The average low point for the gioup was 41 mg per bundled cubic 
centimeters, both males and females showing a similai figure The 
median of the low readings for males was 40 mg and that for females 
was 40 mg , therefoie, the same leading holds foi the entiie gioup 
For the patients with organic epilepsy the figures ran somewhat lower, 
37 mg being the average for the males and 33 5 mg for the females, 
making the average for the entire group 36 4 mg The median was 39 
mg for the males, 33 5 mg for the females and 39 mg for the entire 
group The aveiage fall for the males with organic epilepsy was 45 5 
mg , for the females 49 5 mg and for the entire oi game group 46 5 mg 
This was higher than that for the entire group, which showed some- 
what lower values — 42 mg for the males, 39 mg for the females and 
40 6 mg for the entire group (chart 4) 

While patients who responded well to treatment showed a diop in 
the insulin tolerance curve to very low levels (20 mg ), otheis showed 
a lack of response There were 4 such patients Two showed a cessa- 
tion of seizures over a period of about eighteen months, while in 2 
others the seizures occurred as before All othei attempts to utilize 
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tlie insulin tolerance cur\ e oi an\ part of it as a clue to whether oi not 
a patient would do well met with failure Nothing in the insulin toler- 
ance cune, as in the case of the dextrose tolerance curve, could be 
used as a prognostic index 

IIYrOGIACEMIA \XD THE CONVULSION IN EPILEPSY 

The observation of comulsions lesulting fioni a deciease in the 
sugar content of the blood aftei an injection of insulin and the dis- 
covery of cases of hypei insulinism wuth convulsions, due to tuniois 
in the pancreas, led to the assumption that the hypoglycemic state can 
precipitate convulsions in epilepsy Harris has stated that in more 
and more cases convulsive disorders wull be found to be manifestations 
of Inpoglycemia Griffith®' found low' values foi blood sugar for 
patients wnth convulsions and drew' a similai inference 

As stated previousl}, Baudoum and Azeiad, despite the marked 
hjpogljcemia produced in some cases, said they were unable to pro- 
duce either convulsions oi attacks of petit mal by the injection of 
insulin in epileptic patients 

One must keep in mind that the low'ei the dextrose reading is below 
about 60 mg per hundred cubic centimeters, the greatei the error in 
the measuiement The blue coloi becomes so faint that it is hard to 
match It eien wuth comparable known standards Yet when readings 
are dowm in this questionable zone, they emphasize the fact that these 
patients aie in a hypoglycemic state 

Fiftj'-fiie of our 70 patients show'ed levels below 50 mg of sugar 
One lalue w’as so low as to be unreadable, 1 stood at 17 mg , 3 between 
20 and 25 mg and 28 betw'een 30 and 39 mg Yet none of the patients 
show'ed signs of seizure when the values were at these levels The 
quantitative readings of the bromide content of the blood weie suf- 
ficient!)' low' to enable one to say that convulsions w'ere not prevented 
as the result of medication Many of the patients were not receiving 
any medication In 7 instances attacks appeared from tw'o to twelve 
houis after the hjpoglycemic state developed All these patients had 
been haMng attacks independent of the injections of insulin 

It appears, therefore, that acutely induced hypoglycemic states do 
not piecipitate epileptic seizmes 

Harris, extending his idea that hypennsulmism is the cause of some 
cases of epileps) , suggested that bromides inhibit the secretion of insulin 
We ha\e therefore correlated the amount of bromide m the blood of 
our patients W'lth the amount of sugar in the blood during fasting and 
the character of the dextiose toleiance curve 

36 Harris, Seale Epilepsy and Narcolepsy Associated with Hyperinsuhnism, 
TAMA 100 321 (Feb 4) 1933 

37 Griffith, J P C H’lpoghcemia and the Convulsions of Early Life, J A 
M 93 1526 fNo\ 16) 1929 
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In 28 cases a determination of the bromide content of the blood was 
made at the same time as the sugar stud> Despite the fact that many 
of the patients showed a high level of bromide in the blood (up to 300 
nig per hundred cubic centimeters), the fasting level for sugar for 
the group or for an individual patient showed no depaiture from that 
of the rest of the patients 

CONCLUSIONS 

The fasting levels for dextrose of a series of 90 patients suffering 
from epilepsy were within normal limits Tlieie was no relation 
between this level and the age, weight or sex 

There was no relation betw^een the fasting levels for sugai and the 
precedence of succession of attacks , nor could the levels be correlated 
wuth the type of epilepsy, organic or idiopathic 

Oral dextrose tolerance tests %vere pei formed wuth blood from the 
finger for 90 of these patients The readings fell essentially in the 
normal zone Twenty-six per cent were high, 21 per cent low^ and 53 
per cent normal The same lack of correlation noted in the sugar 
studies during fasting w^as observed here There w^as no evidence of an 
increased or decreased tolerance 

Further work on large groups of normal subjects is indicated to 
determine the significance of the various curves obtained in the dextrose 
tolerance tests It is possible that wdien such studies are made, the 
variability of our curves may assume some importance in relation to 
a possible defective homeostasis of the bod) to dextrose stimulation 

Glycosuria occurred during the dextrose tolerance test m 20 per 
cent of the cases There w'as none at fasting levels The renal 
threshold for our patients aveiaged 188 mg of blood sugar Tins 
IS slightly above that given foi normal subjects There was no evidence 
of a decreased tolerance 

Insulin tolerance tests performed b) the subcutaneous method on 
70 patients revealed a tendency for the low^est level to be attained at 
the end of the first hour and a distinct failure for the curve to return 
at the end of the third hour No correlations wuth the age, w^eight, type 
of epilepsy, etc, could be found in the lesponse of the patients to 
insulin 

The insulin tolerance test seems to indicate a failure of homeostasis 
because of the relatively many instances in which there w^as a failure 
to return at all after three hours These curves should lie compared 
with others subsequently obtained in large series of noimal subjects 

A hypoglycemic state produced in 70 patients failed to precipitate 
an epileptic seizure 

Concentration of bromide m the blood at high or low levels failed 
to produce any alteration in the level of the blood sugar 



RETENTION AND UTILIZATION OF SMALL AMOUNTS 
OF ORALLY ADMINISTERED IRON 

W M FOWLER, M D 
ADELAIDE P BARER, PhD 
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G F SPIELHAGEN, MD 

IOWA CITY 

It has been demonstrated repeatedly that a satisfactory hemoglobin 
response in cases of hypochromic anemia ensues with the admimstration 
of large amounts of iroii,^ but it is recognized that the amount of iron 
so administered is greatly in excess of that utilized in hemoglobin 
regeneration We - have shown that fiom 14 to 71 per cent of the 
administered iron is retained by the body when 3 Gm of iron and 
ammonium citrates (yielding approximately 500 mg of metallic iron) 
is given daily by mouth Only a small portion of this ( 1 2 to 3 4 per 
cent) IS utilized in the building of hemoglobin 

The hemoglobin response to small amounts of iron has been found 
to be less satisfactory, although the amount of iron would seem to be 
adequate for hemoglobin regeneration if it were properly absorbed 
from the gastro-intestinal tract The present study was undertaken to 
determine the amount of iron retained when these more moderate doses 
of iron and ammonium citrates were administered Balance studies 
were conducted, as described in a previous communication ® For a three 
day period of adjustment before observations were begun, the patients 
were given the diet which they were to receive throughout the period 
of stud> This was followed by a control period, during which no 
medicinal iron was administered and the intake of iron was obtained 
from the food alone This period and all subsequent ones were of six 
da} s’ duration 

Supported in part by a grant from Eli Lilly & Co 

From the Department of Internal Medicine, the State University of Iowa 

This work was begun m association with Dr C W Baldridge, who died on 
No^ 22, 1934 

1 Bethell, F H , Goldhamer, S M , Isaacs, R , and Sturgis, C C The 
Diagnosis and Treatment of the Iron-Deficiency Anemias, JAMA 103 797 
(Sept 15) 1934 Meulengracht, E Large Doses of Iron in the Different Kinds 
of \ncnua in a I^Iedical Department, Acta med Scandinav 58 594, 1923 Goodall, 
A Treatment of Anemia Chlorosis and Secondary Anemia, Lancet 1 1216, 
1926 

2 Fowler \V kf , and Barer, A P Retention and Utilization of Orally 
Administered Iron, \rch Int Med 59 561 (April) 1937 
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The essential clinical features and the hematologic data for each 
patient are given in tables 1 and 2 A minimal tuberculous lesion was 
found in the apex of the left lung of patient 1 on roentgenologic 
examination, but it seemed unlikely that anemia of this degree would 
be produced by otherwise asymptomatic tuberculosis No history of 
excessive loss of blood was obtained In patient 6 the anemia was 
apparently idiopathic in origin, while in the other four patients it was 
undoubtedly due to a chronic loss of blood 


Tablc 1 — Chmcal Fcatuics 


Patient Age 

Sex 

Diagnosis 

Clinical Features 

1 

40 

r 

Hypochromic anemia 

Minimal pulmonary tuberculosis in apex of left 
lung 

Profuse menstrual bleeding for several years, 
submucous fibroid tumor removed 

2 

23 

r 

Hypochromic anemia, 
hemorrhage 

3 

S3 

F 

Hypochromic anemia, 
hemorrhage 

Gross hematuria with “fish uorm” clots for two 
jears after blow on abdomen, no history of 
other loss of blood, pyclograms revealed crossed 
ectopic fused Lidney, no other cause for anemia 
found, homaturfa ceased spontaneously 

4 

21 

F 

Hypochromic anemia, 
hemorrhage 

Profuse uterine bleeding, cervical polyp removed, 
hyperplastic endometritis 

5 

44 

F 

Hypocliromic anemia, 
hemorrhage 

Profuse menstrual bleeding, hysterectomy per 
formed for fibromyoma 

c 

40 

F 

Hypochromic anemia, 
idiopathic 

Migraine, splenomegaly, visceroptosis, normal 
renal function, normal basal metabolic rate, 
achlorhydria 


Table 2 — Hcmaioiogxc Daia 



Hemo 

Hematocrit 

Erjtliro 



Saturn 


Basal 


globin, 

Reading, 

cj te=. 

Color 

Volume 

tion 

Gastric 

Metabolic 

Patient Percentage Percentage Percentage 

Irdex 

Index 

Index 

Acidity 

Rato 

1 

50 

77 

S3 

OCO 

0 02 

0 04 

0 

—10 

2 

40 

73 

CS 

0 07 

1 07 

0 03 

Xonnal 

— 0 

S 

2) 

40 

70 

0 44 

0 71 

0 02 

Normal 

“t- > 

4 

55 

70 

02 

0 88 

1 12 

0 78 

Normal 

+ 1 

5 

ro 

01 

S2 

0 03 

0 74 

0 8'> 

0 

—IS 

C 

54 

03 

87 

0 02 

0 72 

0 63 

0 

— 2 


The results of the iron balance studies, together with the nitrogen 
and phosphorus balances, aie given in table 3, and a summary of the 
iron studies is given in table 4 The first five patients received from 
170 to 180 mg of iron per day, which repiesented the administration 
of approximately 5 grains (0 3 Gm ) of iron and ammonium citrates 
three times daily, given as an aqueous solution of the brown scales 
Patient 6 received 7^4 grains (0 48 Gm ) of the drug thiee times daily, 
with an average daily intake of non of 243 5 mg 

All the patients were in negative non balance during the control 
period, but with the administration of iron and ammonium citiates 
iron was retained in every instance The amount letained, as might be 
expected, was much less than that retained by those patients previously 
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icpoited oil" "who liad recened laigei amounts of the drug The daily 
letention of iron vaiied from 262 to 114 4 mg All the patients were 
m positive iron balance contmuousl> but the letention in the first peiiod 
M as somew hat greatei than during the second six day pei lod Patient 4 
retained 1,4799 mg of iron in eighteen days, and patient 5 retained 
1,074 6 mg in twent}-foui days The peicentage of the administered 
iron which was letained by the bod\ varied fiom 10 3 to 45 1, with 


Table 3 — Niliogeu, Phosj>hoixts axid hon Balances 












Red 



Mtrocen 


Phosphorus, Mt 

Iron, Jig 

Blood Homo 














f 

In 

Excro 

- Ba! 

In 

Excrc 

Bal 

In 

E\cre 

Bal ' 

Mil 

Gm per 

Patient Period take 

tion 

iincc 

take 

tion 

ance 

take 

tion 

ance 

lions 

100 Cc 

1 1 

0 78 

11 12 

— 1 34 

1 44 

1 18 

+0 20 

11 9 

18 5 

— 00 

4 12 

7188 

O 

9 So 

10 72 

— OS7 

143 

110 

+0 27 

180 5 

125 3 

+ 55 2 

4 13 

7 393 

2 1 

10 77 

10 82 

—0 03 

153 

1 23 

+0 25 

13 0 

25 7 

— 12 7 

3 50 

0 273 

o 

1185 

9 81 

+3 04 

102 

137 

+0 25 

182 7 

139 5 

+ 43 2 

377 

6 345 

o 1 

10 73 

11 54 

—0 81 

1 55 

132 

+0 23 

13 0 

25 9 

— 12 9 

2 73 

4150 

2 

11 04 

7 00 

+4 04 

100 

170 

+0 10 

182 0 

139 4 

+ 43 2 

3 03 

4 080 

o 

13 34 

7 01 

+0 33 

183 

2 01 

— oie 

183 9 

141 8 

+ 42 1 

3 58 

5 355 

4 1 

10 37 

oCO 

+4 77 

1 50 

i Ot> 

+0 17 

12 7 

22 2 

— 9 5 

319 

7 800 

2 

11 Oi 

5 20 

+5 78 

1 55 

1 39 

—0 04 

182 0 

111 0 

+ 710 

3 50 

7 800 

o 

11 04 

5 SO 

+5 IS 

155 

137 

+0 IS 

182 0 

120 8 

+ 612 

3 99 

9 020 

i 

1104 

0 07 

+4 97 

155 

1 45 

+0 10 

182 0 

07 0 

+114 4 

4 08 

10 520 

j 1 

9 90 

10 20 

—0 24 

142 

13S 

+0 04 

10 2 

14 5 

— 43 

4 22 

7 365 

2 

9 97 

0 jj 

+0 42 

1 42 

113 

+0 29 

170 6 

117 3 

+ 53 3 

4 40 

8 005 

o * 

9 95 

10 11 

—010 

1 43 

1 57 

—014 

170 7 

150 4 

+ 14 3 

4 25 

8 340 

1 1 

9 97 

11 70 

—179 

1 42 

143 

—0 01 

170 0 

105 2 

+ 65 4 

4 08 

10 370 

5 

9 97 

1172 

—1 75 

1 42 

1 19 

+0 23 

170 6 

122 0 

+ 48 0 

4 93 

11 300 

C 1 

9 94 

0 4S 

+0 40 

1 IS 

0 92 

+0 2C 

10 0 

10 7 

— 07 

5 02 

7 710 

2 

10 OS 

9 43 

+0 05 

1 IS 

0 80 

+0 32 

258 5 

227 3 

+ 20 2 

4 71 

7 440 

* 1 i\o daj 

period 










t Thirtj bi\ dajs 

beta ecu periods 

3 and 4 Medication \ias continued 





Table 4 — A ' 

vciage Daily 

It on Balances by 

Pei tods 









Average 




Iron Balance, Mg 



Daily 


C ontrol 

Period 

Period 

Period 

Period 

— N Total Iron 
Retained, 

Retention 
of Iron 

P itii nt 

Period 

• 1 

9 

O 

4 

Mg 

Mg 

1 

— 00 

+3j2 




330 7 

55 2 

T 

—12 7 

+43 2 




259 3 

43 2 


—12 9 

+43 2 

-r-42 1 



511 8 

42 0 

1 

— 9 

+71 0 

+612 

-^111 1 


1,479 9 

82 8 


— 4 o 

+ 73 3 

i-14 3 

-r G5 4 

+48 6 

1,074 6 

44 7 

0 

— 07 

+ 20 2 




150 8 

26 2 


an aiciage letention ioi the six patients of 26 6 per cent This is 
slightly lowei than the aieiage ot 32 6 per cent repoited foi the group 
of patients receiving 500 mg of iron pei day," but the difl'erence is not 
gieat enough to be of significance 

The sevent} of the anemia did not play a pait in determining the 
amount of iron retained The two patients showing the highest and 
the lowest percentage of letamed iron had almost identical leadings 
for hemoglobin, and the patient with the low^est value foi hemoglobin 
1C tamed shghth less non than the aierage foi the entiie group 


fowler EF JL -retention of iron given orally 1027 

It IS lecogmzed that adequate control peiiods and absence of lecent 
loss of blood aie necessary m attempting to evaluate the effectiveness 
of iron m hemoglobin legeneiation, and these factois tveie given due 
attention in selecting the patients foi this study The usual leticulocyte 
response was obtained after the admimsti ation of non, and the rate of 
hemoglobin legeneration was satisf actor} Patients 1, 2 and 6 are not 
considered in this connection, since they leceived non for only one six 
day peiiod, a period too short to be of significance in considcimg hemo- 
globin legenei ation mth oially administered iron Foi the lemaining 
three patients the daily inciease in hemoglobin was 01, 0151 and 
0082 Gm pel bundled cubic centimeteis of blood, respectively This 
falls short of the optimum hemoglobin i espouse given by Heath " but 
nevertheless is satisfactoiy in view of the small amount of iron admin- 
istered to these patients 


Tablc 5 — Retention and Utilisation of hon 







V\ernRC 



Retained 




Oncinnl 

Total 
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If It is assumed, as it ^^as b} Heath.'’ that the volume of blood in 
each case was 5 liters and if the appioximate total gam in hemoglobin 
is calculated foi each, it is found that from 7 5 to 12 4 pci cent of 
the orally administeied non nas used m the foiination of hemoglobin 
(table 5) The average for the three patients nas 9 3 per cent nhich 
IS considerably larger than the 1 9 pei cent utilized when laige amounts 
of iron were administeied = and is grc.itei also than the 3 4 pei cent 
reported by Heath Of the iron which nas ictaincd by the bodv, it 
was found that 30 per cent was used m the foimation of hemoglobin 
The remaining 70 per cent nas presiimabl) stoied in the spleen Inei 
and other parts of the reticulo-endothelial system 


COMIMENT 

One IS not justified in assuming, on the basis of the tliiec patients 
stud ed 11 , respect to hemoglobin regene, ation, that these small amounts 

lUf! satisfactory hemoglobin , espouse in 

Arch Int lied 51 459 oTarcbS'TpsT''*'”" Aiiciiiia, 
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all patients It does shoM , how ever, that in certain uncomplicated cases 
this amount of iron wnll suffice both for a satisfactory increase m hemo- 
globin content and foi a replenishment of the depleted stoies of iron 
In all the cases a sufficient amount of non was letamed to supply the 
needs of the body in this lespect The amount of iron retained was 
much less than that wnth the administration of 3 Gm of non and 
ammonium citrates per da)% but the average daily positive balance of 
from 14 3 to 114 4 mg was sufficient for the body requirements, even 
wnth the abnormal demands resulting fiom prolonged anemia The 
percentage of the iron utilized m the formation of hemoglobin was 
somewdiat greater than with the laigei intake of non, although such 
comparisons may be misleading, since many factors other than the 
retention of non may influence hemoglobin legeneration The percent- 
age of the retained iron which was utilized in the formation of hemo- 
globin is interesting, as it show^s that a large part of the iron is deposited 
111 the body in some form other than hemoglobin A considerable 
portion IS presumably used to replenish the depleted stores of iron, 
since animal experimentation has shown that the iron content of the 
reticulo-endothelial system is increased after the administration of iron ^ 
Although abundant iron is available for its formation, hemoglobin 
regenerates more slowly than with the admimstiation of larger amounts 
of non The leason foi this is not apparent Whipple® has asserted 
that the excess iron from largei doses exerts a “salt effect ” It has 
been assumed also that iron may act as a direct stimulant of bone 
maiiow, although definite proof of this is lacking 

If the administration of laige amounts of non over a long period 
has caused some concern as to its possible deleterious effect on the body, 
it IS of interest to note that an adequate amount can be retained from 
smaller doses Massive doses seem to be advisable early m the course 
of therap), because of the moie rapid hemoglobin response, but for a 
maintenance dose smaller amounts suffice, and they lessen the potential 
danger from piolonged massive doses 

1 

SUMMARY 

The administration by mouth of iron and ammonium citrates in 
doses of 1 and 1 5 Gm daily leads to the retention of iron in such 
amounts as will replenish the depleted stores of iron and produce a 
faiily rapid increa'^e in the hemoglobin content 

4 Poison, C J The Storage of Iron Following Its Oral and Subcutaneous 
Administration, Quart J iled 23 77, 1929 Robscheit-Robbins, F S The 
Regeneration of Hemoglobin and Erythrocytes, Physiol Rev 9 666, 1929 

5 Whipple, G H , and Robscheit-Robbins, F S Blood Regeneration in 
Scrcre Anemia Optimum Iron Therapa and Salt Effect, Am J Physiol 92 
362, 1930 
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Because the first known case in Noith America of what is now 
called coccidioidal granuloma ivas reported from Cooper Medical Col- 
lege, in San Francisco, b) Rixford and because the disease was pioved 
by Ophuls, also of Cooper Medical College, to be caused by infection 
with a pathogenic fungus and not with a protozoan organism, coccid- 
ioidal granuloma has ahvays aioused mucli interest in that school, 
w'hich later became the Stanford University School of Medicine Many 
patients ivitb coccidioidal granuloma, representing practically all the 
known clinical types of the disease, have been studied and treated m the 
hospitals of this institution For many years there has been more or 
less intensive study of the fungus in the laboratories of the medical 
school 

The generally accepted conceptions of the disease ha^c gradually 
changed during the past thirty years, from the time when the disease 
was believed to be very rare and almost always fatal until the present, 
w'hen about thirty new cases are reported to the State Department of 
Health m California each year, with a reported mortality^ rate during 
the past eight years of only 49 7 per cent In all, four hundred and 
fifty cases have been reported in California 

The reports that will follow are based on a study^ of infection with 
Coccidioides in human beings and domestic animals in California, 
supplemented by intensive experimental w'ork which has been conducted 
during the past few'- years 

The number of articles on coccidioidal granuloma pubh<;hcd in 
the medical literature of the United States is relatively great m pio- 
portion to the number of known cases m this country The first case 
reported was from Buenos Aires in 1892" The first repoit of a case 
in North America (California) w'as made in 1894" A number of cases 


From the Department of Public Health and Preventive lilcdicine. Stanford 
University School of Medicine 

1 Wernicke, R Ueber emen Protozoenbefund bei Mycosis funiroidcs 
Centralbl f Bakt 12 859, 1892 

T ^ ^ ^®se of Protozoic Dermatitis, Occident 

Times 8 704, 1894 (b) Rixford, Emmet, and Gilchrist, T C Two Cases of 
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ha\e been reported from Colombia and Brazil of a similar infection 
i\ith fungus i\hich has been described as Paracoccidioides by de 
Almeida/ who named the organism Coccidioides brasiliensis Several 
reports haie appeared in the British and European medical literature, 
but they haie dealt almost exclusively with cases which had occurred 
in Xorth or South Ameiica 

The gieat majoriU of the articles published in this country have 
been case reports and ha\ e suggested methods of therapy, usually unsuc- 
cessful A few authors m the United States, notably Ophuls,^ Ricketts,*^ 
Wohlbach,*' MacNeal and Tajloi ‘ and Ahlfeldt,® have made careful 
studies of the fungus Coccidioides and have attempted to coi relate the 
pecuhai endosporulating spherules which are found within the tissues 
with the fine septate mycelial growth which develops on the culture 
medium 

The mortality late in cases repoited in the United States has been 
high, but this has undoubtedly been due to the fact that, for the most 
pait only cases of adianced stages of the disease have been recognized, 
and until recently onl} the cases of severe and fatal involvement have 
been described in the literature It is a fact that when the infecting agent 
has become disseminated in the bod)'-, a seveie generalized infection, 
ith multiple lesions in i ai lous parts of the body, develops and usually 
pi ogresses rapidl) until the death of the patient In 1905 Ophuls® 
reported on twehe patients, of whom ten were dead and one had been 
lost sight of at the time of the leport When I reported on a col- 

3 de A.lmeida, F P Estudose comparatives do granuloma coccidioidica nos 
Unidos e Brasil Novo genero para o parasite brasihero, Ann Fac de med de 
Sao Paulo 5 125, 1930, abstr , Compt rend Soc de biol 105 315, 1930 

4 (a) Ophuls William, and Moffitt, H C A New Pathogenic Mould 

(Formerh Described as a Protozian, Coccidioides Immitis, Pyogenes), Phila- 
delphia M J 5 1471, 1900 (b) Ophuls, William Further Observations on a 

Pathogenic Alould Formerly Described as a Protozoan (Coccidioides Immitis, 
Coccidioides Pjogenes), J Exper Med 6 443, 1905 

5 Ricketts, H T Oidiomvcosis (Blastom 3 cosis) of the Skin and Its Fungi, 
J M Research 1 373, 1901 

6 Wohlbach, S B The Life Crcle of the Organism of “Dermatitis Coccidi- 
oides ” J M Research 13 53, 1904 

7 MacNeal, W J , and TaAlor, R M Coccidioides Immitis and Coccidioidal 
Granuloma, J M Research 30 261, 1914 

8 Ahlfeldt, Florence E (a) Studies m Coccidioidal Granuloma, Arch Path 
2 206 (Aug) 1926, (6) Special Obsercations on the Morphology of Coccidioides 
Immitis, T Infect Dis 44 277, 1929 

9 Opliiils, William Coccidioidal Granuloma, J A M A 45 1291 (Oct 28) 

1905 

10 Dickson, E C Oidiomjcosis in California, with Especial Reference to 
Coccidioidal Granuloma ^rch Int kled 16 1028 (Dec ) 1915 
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lection of foity cases in 1915, I made the statement that “the piognosis 
IS extiemely giave The outcome of the disease is almost always fatal 
The same opinion has been expiessed by many authois In my lepoit 
in 1915, however, weie lecorded two cases in which eaily amputation 
01 lesection ot local lesions in the extiemities was followed by clinical 
lecoveiy and one case in which a healed oi aiiested lesion was dis- 
covered at autopsy in the lung of a man who had died of caicinoma 
of the stomach Similar healed oi ariested lesions in the lungs have 
since been observed at autops}'' in a number of patients in Stanfoid 
University and othei hospitals, so that theie can be no doubt that the 
lesions of coccidioidal granuloma have a tendenc}’’ to heal Moi cover, 
one occasionally encounteis patients with moie oi less localized lesions, 
more often in the skin, m whom the couise of the disease is stationai}, 
sometimes for yeais, although such lesions larely heal spontaneously 
Moie lecentl 3 ^ observations have been made which indicate that 
there is much to learn about the initial manifestations of infection mth 
Coccidioides In 1929 I was affoided an excellent opportunity of study- 
ing, with Dr P H Pierson, of the Stanford University Hospital, two 
patients with primary pulmonar}'^ infection One of tlic patients had 
acquit ed the infection m out laboratoiy, and the other, an engineer, 
had acquired it m the oil fields of the San loaquin Yallc), nhcrc he 
had been exposed to a great deal of dust when engaged m construction 
work Both patients had bionchopneumonm of model ate sex cut}, and 
roentgeiiographic examination showed that the involvement was moie 
intense in the bases of the lungs (fig 1) In one instance tlic fiist 
diagnosis made by the loentgenologist was tubeiciilosis The diagnosis 
of infection with Coccidioides xvas established in both cases b} demon- 
stration of the typical spherules of Coccidioides in the sputum, con- 
firmed by culture and guinea-pig inoculation y\ftci sexeie illness and 
protracted convalescence, both patients recovered, appaiently com- 
pletely, and have shoxvn no subsequent indication of the infection We 
have knowledge of txvo othei patients who had a similar histoix. one 
of whom, described by Boyeis,^^ has lemained well foi at least fifteen 
years The later history of the other patient is unknow n to us 

Another fact that has become exadent is that in a niimbei of mstanees 
in which the first manifestation of illness has been an acute “cold” 
or bronchopneumonia, tins lias been followed short!} by an outbieak 
of erythema nodosum, usually on the shins I lecently saw three 
patients with such acute involvement the young man who acquiied 
the infection in our laboratoiy, a student who spent his vacation woik- 
mg m an a rea where the disease is endemic and a woman xvho was 


11 Boyers, L M Therapy jn Two Cases of 
Fungus, M Herald 52 61, 1933 


Infection with 


Coccidioiclcs 
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Msiting in an area where the disease is endemic The diagnosis was 
made in the first case as previously described, in the second by micro- 
scopic examination of biopsy tissue from a lesion on the neck and in 
the third by means of a cutaneous test with coccidioidin about two 
months aftei subsidence of the acute illness The roentgenograms in 
the third case, like those in the case of laboratory infection previously 
mentioned, showed pulmonary involvement which at first was believed 
to be tuberculous, but after later examinations the roentgenologist con- 
cluded that the im olveinent could not be tuberculous because the lesions 
Mere clearing rapidly 

Dr Mernie Gifford, of Bakeisfield, Calif , has shown me records of 
three of fifteen patients with coccidioidal granuloma, admitted consecu- 
tively to the Kern County Hospital, in whom the first sign of illness 
was a “bad cold” with a cough or bronchopneumonia, associated with 
erythema nodosum In all these patients there had been progiession 



Fig 1 — Roentgenograms of the chest in case 1 A^ at the onset of illness on 
Sept 18, 1Q29 Note the increased density toward the base of the left lung B, 
one month later Note that the basal infiltration is much less dense 

to the later stages of coccidioidal granuloma with disseminated lesions , 
but, according to Dr Joe Smith, Health Officer of Kern County, ery- 
thema nodosum, often accompanied with a severe cold, is unusually 
common m San Joaquin Valley, there is a characteristic seasonal 
incidence and many of the patients recover promptly The first of our 
patients with erythema nodosum is well after more than six yeais, 
one of the two patients recently seen shows no signs of the acute illness 
other than the clearing lesions in the lungs, but the third still shows 
invohement of the cervical lymph nodes 

It IS obvious, therefore, that more information concerning the 
earliest manifestations of coccidioidal granuloma in human beings and 
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of the method of spread of the fungus in the tissues is urgently needed 
Evidence is accumulating that death from coccidioidal gianuloma occurs 
only when there is the extensive involvement of the tissues which fol- 
lows dissemination of the organism m the blood stream and that hereto- 
fore only this late disseminated type has been generally recognized 
In my opinion, one would be equally justified m di awing all conclusions 
of tubeiculosis from a study of cases of acute miliary involvement 
in which the tubeicle bacilli have been widely disseminated by the blood 
stream as m basing all knowledge of coccidioidal granuloma on terminal 
stages m which the organisms have become widely disseminated Since 
it IS known that lesions of coccidioidal granuloma may be very sluggish, 
that there is a definite tendency for the lesions to heal and that at least 
some of the victims of the infection lecover or at least remain fiee 
from symptoms for several years, it is essential that attempts be made 
to learn more of the initial manifestations of infection with this organ- 
ism and that judgment be reserved as to the true incidence of the 
disease until more information along these lines is at hand 

The fact that almost all the patients m whom early infection with 
Coccidioides has been recognized had initial “colds” or bi onchopneu- 
monia tends to substantiate the stated belief of Ophuls and others that 
the disease is usually acquired by inhaling the spores of the fungus 
That inhalation of the spores may cause the onset of acute infection 
was shown, almost with expeiimental precision, in the case of the young 
man who acquired the disease in oui laboratory The exact time of the 
exposure was known, it occurred on the first day he W'^as permitted 
to work with the fungus By an unfortunate mistake he removed the 
cover from a Petri dish containing an old, partially dried culture of 
Coccidioides and observed a fine brownish cloud use from the culture 
Ten days later he had a “cold” which progressed to bronchopneumonia 
This hypothesis has been supported by the fact that Beck, Trauin and 
Harrington found that in infected cattle the bronchial and mediastinal 
glands, and usually only these, are involved Moreover, necropsy m 
human beings often shows that the peribronchial lymph glands reveal 
an old chronic type of lesion which contrasts sharply with the more 
recent types of lesions observed elsewhere These older lesions obvi- 
ously antedate the more recent lesions which are distributed generally 
throughout the body It is not difficult to believe that they are produced 
by lymph draining from acutely infected lungs m wdiich the lesions 
subsequently clear and that they constitute the foci in which the infec- 
tive agent persists in the body and is eventually disseminated by 
involvement of a blood vessel 

12 Beck, D , Traum, J , and Harrington, E S Coccidioidal Granuloma 
Occurrence in Animals, J Am Vet M A 78 490, 1931 
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Of course cases have been lepoited in which it seemed certain that 
cutaneous lesions u ere prlmar) , ou mg to local inoculation with the spores 
of the fungus The first case described by Rixfoid-'^ was that of a 
laborer ^\ho had a ^errucous lesion on the back of the neck, where his 
collar band rubbed, that persisted toi eight yeais before it began to 
spread to an\ great degree In case 33 which I desciibed in 1915,^° the 
first lesion was at the site of an abiasion on the hand which w^as caused 
In picking walnuts Seilm lepoited the case of a cigar maker who 
had a lesion on the hand and wdio appaiently show^ed no signs of sys- 
temic involvement Guy and Jacob desciibed a case in Avhich, aftei a 
puck on the thumb wnth a cactus spine, the fiist small abscess developed 
at the site of the puncture and w'as followed by a number of similar 
lesions along the track of the l3'mphatics until the axilla w^as reached 
It w'as only later that the patient pi esented evidence of general 
dissemination of the paiasite How^evei, the appeal ance of the first 
visible lesion on the skin does not necessarily mean piimary involve- 
ment of the skin In the case of the student in our series of patients 
shownng acute involvement, the fiist demonstiable lesion after the acute 
onset was a small “pimple-like” pustule in the skin of the neck from 
which spheuiles of Coccidioides weie isolated 

In commencing our study of the manner of spread in infection with 
Coccidioides it seemed desirable to leview the leported observations on 
the chaiactenstics of the fungus on cultuie medium and in infected 
subjects This part of the w^oik was earned through by Dr H D 
Chope, of Newton, Mass , when he w'as a membei of this department 
His method of procedure difteied fiom the methods that had pieviously 
been leported in that he made a moie detailed study of individual 
spherules which weie isolated fiom pus and injected the fungus into 
the testicles of guinea-pigs in ordei to obseive the various changes which 
occur in animal tissues 

When Posadas discussed Wernicke’s case and Rixford and Gil- 
christ- lepoited then cases, they described carefully the peculiar 
spherules and method of endospoiulation They stated the opinion that 
the\ w^eie dealing with a protozoon of the Coccidia type, hence the 
name Coccidioides Ophuls and Moffitt discovered that the infecting 
organism is not of the animal kingdom but a fungus with a charac- 
teristic pioduction of endosporulating spherules within the tissues, 
although it grow'^s on culture medium as a mass of fine septate mycelium 

13 Scihn, J Report of a Case of Dermatitis Coccidiosa, M Rec 95 360, 
1919 

14 Gu\, W H, and Jacob, F if Granuloma Coccidioides, Arch Dermat &. 
S> ph 16 308 ( Sept ) 1927 

15 Posadas, Alexandre Psorospermiose infectante generalisee, Rev de chir 
21 277, 1900 
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The mature spherules in the tissues a\eiage about oO micions in diam- 
eter, although young foims may be much smallei and some endosporu- 
lating forms may be considerabl} laigei The outer wall is a thick, 
hyaline, double-contoured capsule ^^hlch in some instances may be cov- 
ered with spines or, better, piickles Reproduction within the tissues is 
always by endosporulation, never by budding, the endospoies being 
liberated by rupture of the capsule, which lemains as an empt} 
“envelop” When pus is evacuated and planted on cultuie medium oi 
when the pus is allowed to stand in a contamei, mycelia develop from 
the spherules and form the mold growth previously mentioned How- 
ever, development of hyphae nevei takes place within living animal 
tissue, and maturation of the spheiule with endospoies has never been 
observed except m living animals 

If one begins with the spherule which occuis m pus, what one may 
describe as the first, or vegetative, phase in the various stages of develop- 
ment IS the development of hyphae to foim the mold growth Ophuls 
leported this m detail in 1905 He studied the development of indi- 
vidual spheiules suspended m broth iii hanging diop pieparations His 
description was as follows 

The thick membrane which surrounds the latter [spherule] becomes very thin 
in one place and begins to evaginate over the bud from the enclosed protoplasm 
These buds soon assume the form of coarse, more or less cylindrical threads 
which are either straight or somewhat wavy At first the protoplasm forms one 
continuous mass in the main body [of the spherule] and buds, but after a while 
septa appear at various places in the buds, and sometimes partitions also form 
between the bud and the mam body 

Wohlbach® stated that the myceha sprout from the capsule, but 
MacNeal and Taylor " and ChoiDe said they agreed with Ophuls that 
they begin as evaginations of the protoplasm thiough the capsule Chope 
also observed instances m which the sprouting filaments could be seen 
originating from the endospoies in pus before they had been leleased 
from the mother spherule (fig 2d), but of course the pus had been 
evacuated, as no indication of hypha formation has ever been observed 
until after the spheiules have been removed from the animal body 
The formation of hyphae is as specifically limited to the growth of the 
organism on medium outside the body as reproduction by endospoiu- 
lation IS restricted to development within the tissues 

As was pointed out by Ophuls,® all spheiules do not sprout hyphae, 
but there is nothing definite by which a spheiule that will foim hyphae 
can be distinguished from one that will not Ophuls stated the belief 
that they must be mature Ahlfeldt®*^ desciibed minute bodies in the 
compartments of mycelium from which the spherules aie foimed, which 
suggested sexual elements and the possibility of a bisexual life, but she 
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Fig 2 — Section a shows a spherule of Coccidioides m pus, b, myceha grow- 
ing from the spherule , c, myceha growing from a free endospore , d, myceha 
growing irom endospores which have recentty burst the capsule but have not been 
dispersed, r, a portion of the growhh, myceha, with the formation of septums 
and the beginning of chlamydospore formation, and g, well formed chlainydo- 
sports some of them broken free from the m\cehum 
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did not observe conjugation I have not seen anything that would sup- 
port such a theory either in mycelial segments or m the spherules 

When the spheiule has sprouted and produced branching mycelia, 
growth occurs on cultuie medium as a mold, presumably identically as 
it develops in natuie The organism will maintain its type and viru- 
lence foi yeais when transplanted to new medium from time to time 
Passage through an animal with a C 3 ^cle of spherule formation does not 
appear to be necessaiy foi the suivival of the organism Ceitam cul- 
tuies have been maintained in our laboratory for at least ten yeais by 
simply transfening the oigaiiisms to new medium fiom time to time, 
and they do not seem to have lost any of their infectivity or virulence 
for laboiatoiy animals in that time . 

In bioth the fungus giows near the bottom of the test tube as 
white fluffy balls consisting of an mtiicate meshwork of fine blanching 
mycelium On an agar plate it may develop into a disci ete round fluffy 
colony, 2 inches (6 cm ) or more in diameter On agar slants it occurs 
first as small white nodules made up of branching hyphae which soon 
coalesce until the whole surface of the medium is covered with the 
fluffy white giowth, which has numeious fine mycelia penetiatmg the 
medium and firmly anchoimg it As the culture ages the growth 
becomes more brownish, gradually the fluffy appearance is lost and the 
culture appears as a somewhat membranous cover ovei the medium, 
which is finely granular — as if dusted with fine flour These old cul- 
tures are paiticularly dangerous to handle, as the fine deposit consists 
of light chlamydospoies that are readily disseminated through the an 
It was such a dissemination which was observed when the covei was 
removed from a Petri dish culture by the young man who became 
infected in our laboratory 

The optimum tempeiatuie foi the sprouting of the spheiules appears 
to be about 30 C , but thereaftei the giowth of the fungus appears to be 
somewhat moie luxuriant at 37 C No sprouting or growth was observed 
at 42 5 C Pus which contains spherules may be left in the icebox for 
two months without any spi outing of the spherules, but if the spheiules 
are then placed at 30 oi 37 5 C they spiout promptly and theie does 
not seem to be anything lemaikable about the giowth which results 

The fungus grows leadily on piactically all the oidmaiy culture 
mediums and usually is not ovei grown by bacteria, although the bac- 
terial growth may be active for almost two days befoie the colonies of 
fungus appear Giowth occurs also, although less actively, on synthetic 
inorganic mediums 

Coccidioides has never been observed m natuie On one occasion 
Stewait an d Meyer succeeded m isolating it from soil seemed in an 

16 Stewart, R A , and Meyer, K F Isolation of Coccidioides Immitis 
(.Stiles) from the Sod, Proc Soc Exper Biol & Med 29 937, 1932 
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area where the disease is endemic, but its habitat in natuie is unknown 
It IS suspected that the infectivity for human beings and animals 
depends on its growth in regions where in winter there is rain, with 
relatively little cold, and where the summers are dry, permitting the 
distribution of chlamydospores with dry soil which is stirred up as dust 
The formation of chlamydospores is as follows, as described by 
Ophuls first the division of the aerial hyphae into segments by firm 
partitions, then the development of thickened capsules and finally the 
separation by fragmentation of the now brittle hyphae When the 
chlamydospores are liberated, they occur singly or in groups which may 
remain attached to each other by the persisting portions of the hyphae 
which connect them If these chlamydospoi es are transferred to fresh 
medium, myceha promptly sprout, and new colonies are formed The 
first phase of the development is shown in figure 2 

The second, or parasitic, phase of development, that of the formation 
of spheiules in the tissues, has been described by Ophuls,’^’’ Wohlbach® 
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and MacNeal and Taylor ' Chope approached the problem by injecting 
the organisms into the testicles of guinea-pigs and killing one animal 
every four hours There has been some diffeience of opinion as to 
whether the spheiules develop fiom chlamydospores only or whether 
they may develop also from hyphae that do not contain chlamydospores 
Ophuls stated that unless spores aie present the fungus is nomnfective, 
but Wohlbach stated that the undiffeientiated hyphae are spherulogenic 
In order to check this, Chope piepared cultures from infectious pus and 
from a stock culture and injected them into the testicles of guinea-pigs 
after two, four and seven days of incubation The two day cultures 
contained no evidence of chlamydospores, the foui day cultures con- 
tained myceha wath eail)- stages of differentiation and the seven day 
cultures contained moderate numbers of well formed chlamydospores 
The results of his test are shown in the accompanying table 

The experiment show'ed that spherules will form from myceha which 
do not contain demonstrable chlamydospores but that it takes longer 
for them to appear than when m\cehum in which chlamydospores are 





DICKSON— COCCIDIOIDES INFECTION 


1039 


present is used Moreovei, it indicated also that a two day culture from 
a stock cLiltuie produces spheiules more quickly than a two day culture 
from infectious pus Whether the uiidifterentiated myceha go through 
the stage of chlamydospore formation after they are rnjected was not 
demonstrated 

The sequel of events which occur after the fungus is injected into 
the testicle is the same as that desciibed by Ophuls and by Wohlbach,® 
differing only in detail Because experiments had shown that the for- 
mation of spherules is more prompt when the myceha contains mature 
chlam)''dospores, the inoculum m our experiments was standardized to 
the extent that only eight and ten day cultures of mycelrum were used, 
because by this time chlamydospoies are well developed Each culture 
was examined at intervals microscopically to ascertain the stage of 
chlamydospore formation before it was injected The fact that our 
experiments showed a shorter interval for the completion of the intra- 
tissue cycle than others that have been reported is undoubtedly due to 
this feature 

Figure 3 shows the stages through which the chlamydospoies pass 
before they form true spherules and mature by forming endospores 
It will be noted that after the injection of the suspension of chlaraydo- 
spoies the outline of the hyphae may be intact on the third day but 
that the chlamydospoies are somewhat rounded and then outer capsule 
IS well defined At forty-four hours some of these chlamydospores are 
well rounded out although still connected together as in the hyphae 
At sixty houis the spheiules are well developed and are as laige (about 
30 mm ) as the immature spherules are likely to be when observed in 
pus fiom a patient By seventy-two hours some of the spherules aie 
filled with endospores, and in niiiety-six hours some of them have burst, 
showing the manner in which the endospores are liberated and how the 
"envelop” is formed 

On rare occasions we have observed in culture, under anaerobic con- 
ditions, spherical enlargements of the chlamydospore segments of the 
hyphae (fig 3/) In their size and the character of their membrane 
they resemble the partly matured spherules which may be seen free in 
pus, but they are not separated from the mycelial growth, and we have 
never observed any indication of the formation of endospores within 
them On only one occasion did we observe a similar type of develop- 
ment in the hyphae of a spherule which had sprouted m pus that had 
been left standing in an open vessel at room temperature (fig Z g) 
MacNeal and Taylor" observed one such spherule formation in an 
anaerobic culture but did not find any in aerobic cultures During a 
somewhat limited study of anaerobic cultures we were not able to prove 
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Fig 3 — Section a shows mjcelium in pus with beginning differentiation of the 
chlamj dospores , b, m^cehum (after forti'-four hours) with the chlamydospores 
ha-ving become more circular (retouched), c, a single spherule in pus (sixty 
hours) , d, a spherule m the stage of endosporulation (seventy- two hours after 
injection) , c, ruptured spherule, indicating how the “envelop” is formed and how 
cndospores are liberated (ninety-six hours after injection) , f, mycelium with small 
spherical bodies m anaerobic culture, and g, mvcehum with small spherical bodies 
in “old” pus which had stood at room temperature 
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that the formation of spherules depends wholly on the low oxygen 
tension, because usually no such spherule foimation was seen in anae- 
robic cultuies 

Occasionally endosporulating spheiules with a different appearance 
aie encountered in pus or infected tissues , i e , the spherules have large 
cential vacuoles and show peripheral airangement of the endospores 
Rixford first described these in the repoit of his second case and 
said that they might represent a different species of the organism He 
suggested the name Coccidioides pyogenes and said he believed they 
represented a more virulent form than Coccidioides immitis Mazzai 
has described a similar form which was considered to be a new species 
and to which Fonseca gave the name Pseudococcidioides Mazzai The 
article describing this form was not available, but de Almeida in 
discussing it, makes the following quotation 

the formation of the spores of Pseudococcidioides Mazzai is accom- 
plished by the appearance of radiating openings m the protoplasm which divide 
the organism (spherule) into cones Later, new divisions are formed but are 
parallel to the membrane of the cell These divisions cut the original cell perpen- 
dicularly and determine the appearance of polyhedral cells Some more fissures 
develop irregularly, dividing the spores already formed so that they become still 
smaller and more irregular Finally these spores become circular 

De Almeida stated that he had found desciiptions of similar spherical 
bodies m the reports of Rixfoid and Gilchrist and Posadas and that 
he could see no justification for considering that these bodies represent 
a different species from C immitis 

In our senes we have found the usual type of endosporulating 
spherules and the types just described lying side by side, having devel- 
oped from the same chlamydospore mixtuie (fig 4 a to c) We are 
unable to say why some of the spheiules develop in one way and some 
in another However, we aie convinced that they do not repiesent dif- 
ferent species of Coccidioides but aie' variations in development due to 
some unexplained environmental factoi 

Another phenomenon that was first desciibed by Posadas and 
subsequently by Ophuls is the development of a cluster of smaller 
spherules within the capsule of a mother spherule that has not ruptured 
Posadas described these as vegetative forms ‘‘The vegetative form 
begins with the appearance in the piotoplasm of the parasite which is 
going to divide of small cleai spherules which slowly become formed 
into adult endocysts that are retained within the mother cyst ” Ophuls 
disagreed that a different t}'pe was indicated and said that they signify 
very rapid development “Sometimes, at least in my first case, the 

17 de Almeida, F P Considerations sur les genres Coccidioides immitis et 
Pseudococcidioides Mazzai, Compt rend Soc de biol 110 137, 1932 



Fig 4 — Section a shows a vacuolated spherule and the partly differentiated 
mvcelium fort\-four hours after injection, b, the beginning formation of endo- 
spores in a vacuolated spherule (see Mazzai’s description) , c, two types of 
endosporulation from the same mvcehal mixture (the upper one corresponds toRix- 
fords C pvogenes) , d, a clump of spherules formed within an unruptured mother 
spherule, c, a minute, burrhke bodj’ with fine spicules, found in the depths of a 
collection of pus, f, a iragment of mjcelium showing fine spicules, and g, a 
normal-sized spherule with marked prickle formation 
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development of the young foims from the spores takes place within 
the old membrane This seems to occur when the development of the 
paiasite is an especially lapid one The young foims ceitainly develop 
into the larger forms by simple enlargement ” 

We occasionally have observed such clusteis in sections of tissue 
(fig 4(/) On occasion we have seen spherules m pus in which the 
diametei was peihaps double that of the usual size and which were 
filled with small spheiules seveial times the diameter of the usual endo- 
spoie In one series of sections in bovine coccidioidal gianuloma these 
clusteis were moie frequent than we have observed elsewhere, but we 
have seen them also in the testicle of a guinea-pig eight days after 
the injection of fungus into the testicle No explanation for them is 
appaient 

Another unusual foim was fiist desciibed by Rixford,"*' who stated 
that he found piickles on the capsules of a veiy few of the hundreds 
of spherules which he examined Ophuls reported that short prickles 
are almost constant on the outside of sporulatmg foims, Wohlbach ® 
desciibed them on young spherules developing from m 3 ceha and Ahl- 
feldt®’’ stated that they aie “found only on the adult foims when they 
are leady to liberate the young foims ” 

Our observations coincide more closely with those of Wohlbach 
In one series of animals m which intiapentoneal injections weie given, 
abscesses m the epididymis showed minute circular bodies, no larger 
than an erythrocyte, which weie completely surrounded by fine radiating 
spicules which pioduced a ‘ burr-like” appearance (fig 4e) These 
occuried in the depths of collections of pus cells and were not seen 
elsewheie In the same sections weie seen smooth spherules which did 
not contain spores but were of aveiage size and weie distiibuted in 
areas at the edge of the collection of pus cells These large spherules 
did not show prickle formation From our study of tissues, which will 
be reported later, it is appaient that mature spherules do not usually 
develop within the dense accumulations of pus but around their mai- 
gms, so that it may be that these small pnckly oiganisms are the result 
of an unfavorable environment, due either to insufficient oxygenation or 
to the toxins which caused the accumulation of the pus 

Prickle formation was observed also m some chains of chlamydo- 
spores which had not yet sepaiated sixty hours after they were injected 
(fig 4/) and in mature nonsporulating spheiules (fig 4p), apparently 
similai forms to those described by Wohlbach No definite prickle for- 
mation was ordinarily observed on endospoi ulating spherules, although 
It was present on rare occasions Figure 4 shows examples of these 
various bizarre forms 
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The \ anous phases of development of the fungus on culture medium 
and m the tissues correspond, therefore, on the whole, with those that 
have been described by previous investigators They are described here 
because it seemed advisable to check the vaiious stages of development 
and to have a clearly cut picture of how the fungus acts, before 
attempting to ascertain the type of tissue reactions which are caused 
by It A study of the manner in which the fungus produces lesions 
and spreads within the bod}'' will be published in a later report 

SUMMARY 

Clinical observations are narrated to show that the accepted descrip- 
tion of coccidioidal granuloma is that of the advanced or terminal 
stages of an infection which has not often been recognized during the 
acute stage 

Proof that primary infection may follow the inhalation of the 
chlamydospoies of Coccidioides with the development of bronchopneu- 
monia and erythema nodosum has been given 

A review of the literature concerning the various phases of develop- 
ment of Coccidioides m the vegetative form and in the parasitic state 
has been given, and experimental evidence has been described to aid in 
evaluating previous work 

This leport is preliminary to a description of how this fungus acts 
within the animal tissue 



SERUM PHOSPHATASE IN JAUNDICE 


A CANTAROW, M D 

AND 

JAMES NELSON, MD 

PHILADELPHIA 

Since Robeits ^ first repoited an inciease in the phosphatase content 
of the serum of certain patients with obstructive jaundice, this phe- 
nomenon has atti acted consideiable attention There still appears to be 
some difference of opinion regarding the clinical significance of an 
inciease m this factor and its value in differentiating between hepato- 
cellular and obstiuctive types of jaundice As this important question 
can be settled only by the accumulation of observations for large iium- 
beis of patients, data obtained for fifty-three patients with jaundice are 
piesented heie for the purpose of supplementing those previously 
lepoited by other observers 

MATERIAL AND METHODS 

The phosphatase content of the serum was determined by the method of 
Bodanslcy,2 blood being withdrawn after a fasting period of about fourteen hours 
In our experience, based on determinations made for hospital patients, values 
below 7 units for adults and IS units for children are without clinical significance 
In thirty-one of the fifty-three patients studied the jaundice was of extrahepatic 
origin, some form of malignant growth constituting the underlying basis in eighteen 
instances In twenty-two patients the jaundice was dependent on conditions com- 
monly regarded as producing icterus of the hepatocellular variety 

RESULTS 

The lesults obtained are presented in the accompanying tables, which 
include also simultaneous estimations of the bilirubin content of the 
serum (van den Bergh), the concentration of cholesterol, the uio- 
bilmogen content of the urine (Wallace and Diamond) and the bromsul- 

From the Laboratory of Biochemistry, the Jefferson Hospital, and the Depart- 
ment of Medicine, tkc Jefferson Medical College 

1 Roberts, W M Variations in the Phosphatase Activity of the Blood in 
Disease, Bnt J Exper Path 11 90, 1930, Blood Phosphatase and the van den 
Bergh Reaction in the Differentiation of the Several Types of Jaundice Bnt M T 
1 734, 1933 

2 Bodansky, A Phosphatase Studies II Determination of Serum Phos- 
phatase, Factors Influencing the Accuracy of the Determination, J Biol Chem 
101 93, 1933 
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phalein retention (tlnrt}' minutes after the administration of 2 mg pei 
kilogram of body weight) 

lable 1 compiises thirt}-six seium phosphatase determinations for 
thiit}-one patients with obstiuctive jaundice All were adults, with 
the exception of patient 19, an infant of 3 months with congenital 
obhteiation of the bile ducts The bilirubin concentiation of the seium 


T\BLi: 1 Scium Phosphatase Values foi Patients with Obstiuctive Jaundiec 




Serum 



Urobili 

PI isma 




BiUrubm, 

Dronisul 

PllOS 

nogen 

Cholesterol, 

Pitient 


Jig per 

phalein, 

phitase. 

Urine 

Aig per 


Xumber 

Age 

100 Cc 

% 

Units 

Dilution 

100 Cc 

Diagnosis 

1 

59 

39 0 

100 

234 

Xegatu e 

243 

Carcinoma of pancreas 



30 0 

100 

24 6 




2 

03 

26 0 

100 

26 0 

XegntK e 

263 

Carcinoma of pancreas 

3 

41 

26 0 

100 

12 3 



Stone in common duct 



10 0 

100 

10 2 

1 10 

281 


4 

42 

26 0 

100 

16 0 

Negatu e 

392 

Stone m common duct 

5 

52 

24 0 

60 

21 1 

l^egatue 

390 

Carcinoma of pancreas 

G 

5S 

210 

ICO 

84 

Jiegatnc 

238 

Carcinoma of pancreas 

7 

5S 

210 

40 

181 

J>egatue 

200 

Carcinoma of pancreas 

S 

39 

7 5 


14 0 

1 10 





19 3 

SO 

10 0 

Kegatue 

470 

Carcinoma of pancreas 

0 

o6 

15 2 

100 

110 

^eg^tl\e 

1,103 

Stricture of common duct 



90 

70 

17 9 

Negative 

300 


10 

44 

13 2 

80 

567 

1 10 

196 

Carcinoma of pancreas 

11 

65 

120 

SO 

98 

Negatn e 

336 

Stone in common duct 

12 

32 

115 

30 

86 

1 20 

194 

Stone in common duct 

13 

30 

11 3 

100 

20 6 

Negatn e 

241 

Carcinoma of liver 

14 

54 

112 

80 

87 

Negative 


Carcinoma of ampulla 

13 

37 

10 7 

60 

70 

Negative 

256 

Carcinoma of pancreas 

10 

29 

10 4 

100 

21 3 

Negative 

204 

Stricture of common duct 

17 

70 

10 2 

100 

23 7 

Negative 

192 

Stone m common duct 

IS 

53 

10 0 

100 

02 

1 40 

232 

Carcinoma of pancreas 

19 

S mo 

18 3 

100 

72 

Negatn e 

340 

Congenital obliteration 








of bile ducts 

20 

39 

74 

30 

21 3 

1 40 

570 

Carcinoma of pancreas 

21 

32 

7 3 

80 

20 8 


248 

Stone in common duct 

22 

4!) 

72 

40 

24 7 

1 10 





96 

80 

22 1 

Negative 

548 

Carcinoma of liver 

23 

GO 

69 

20 

84 

1 100 

302 

Carcinoma of pancreas 

24 

49 

0 4 

100 

33 0 

Negatn e 

408 

Carcinoma of pancreas 

25 

27 

64 

10 

11 1 

1 10 

16S 

Lymphosarcoma 

26 

55 

64 

SO 

24 7 

Negative 

135 

Stone m common duct 

27 

73 

54 

50 

10 6 

1 10 


Pancreatitis 

2S 

73 

48 

SO 

17 1 

1 10 


Carcinoma of pancreas 

29 

60 

4 5 

50 

92 

1 20 


Carcinoma of pancreas 

so 

50 

44 

100 

79 

1 10 

232 

Stone in common duct 

31 

56 

22 

60 

10 9 

1 20 

241 

Stone m common duct 


langed from 2 2 to 39 mg per bundled cubic centimeters and the 
phosphatase content tiom 6 2 to 56 7 units pei bundled cubic cen- 
timetei s 

Table 2 compiises tnenty-four phosphatase deteiminations for 
22 patients with jaundice of hepatocellulai origin The bilirubin con- 
centration of the serum ranged from 0 6 to 13 8 mg and the phosphatase 
content f i om 4 9 to 24 5 units per hundred cubic centimeters 

The data presented in table 3 indicate the distribution of the 
phosphatase values for the two groups of patients The patients with 
obstructive jaundice aie divided into two gioups, because of the report 
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Ijy some observeis of an increase in phosphatase activity in association 
with malignant neoplastic disease and because of the usuall}' progiessive 
and persistent character of the jaundice in such cases as contrasted with 
jaundice due to calculous obstruction of the common duct 


Table 2 — Sejum Phosphatase tn Hepatocellulai Jawidtce 




Serum 



Urobih 

Plasma 




Bilirubin, 

Bromsu! 

Phos 

nogen 

Cholesterol, 

Patient 


Mg per 

phalein, 

phatase. 

Unne 

Mg per 


Number 

Age 

lOO Cc 

% 

Units 

Dilution 

100 Oc 

Diagnosis 

S3 

69 

13 S 

100 

49 






15 

60 

68 

1 60 

115 

Cholecystitis 



06 

15 

58 




33 

26 

» 13 5 

20 

115 

1 40 

122 

Catarrhal jaundice 

34 

34 

11 4 

100 

14 9 

1 100 

156 

Cholecystitis 

35 

30 

10 4 

80 

210 

1 200 

102 

Arsphenamine hepatitis 

36 

48 

98 

100 

99 

1 40 

245 

Arsphenamine hepatitis 

37 

48 

98 

90 

68 

1 100 

104 

Portal cirrhosis 

38 

22 

88 

80 

87 

1 400 

90 

Catarrhal jaundice 

39 

IS 

87 

30 

70 

1 100 

95 

Banti’s disease 

40 

34 

82 

100 

12 0 

1 200 

93 

Catarrhal jaundice 

41 

14 

72 

SO 

12 3 

1 200 

no 

Catarrhal J aundice 

42 

40 

72 

30 

34 

1 100 

140 

Cholecystitis 

43 

59 

71 

50 

64 

1 80 

146 

Carcinoma of liver, no 








obstruction 

44 

14 

69 

30 

23 2 

1 100 

224 

Splenic anemia 

45 

34 

68 

80 

52 

1 100 

130 

Hepatitis 

46 

57 

38 

100 

19 2 

1 100 

100 

Hepatitis 

47 

25 

50 

60 

94 

1 40 

162 

Cholecystitis 

48 

S3 

48 

SO 

94 

1 200 

128 

Catarrhal jaundice 

49 

56 

48 

60 

15 2 

1 80 

142 

Portal cirrhosis 

50 

07 

42 

15 

12 6 

1 20 

184 

SyphJJis of liver 

51 

69 

38 

15 

72 

1 60 

192 

Cholecystitis 

52 

59 

1 5 

90 

245 

1 200 

105 

Choleostitis 

53 

24 

1 4 

20 

79 

1 40 

117 

Hepatitis 


Table 3 — Disinbufion of Phosphatase Values foi Thu ty-One Patients zoith 
Obstmctivc and Twcnty-Tzvo Patients tvith Hepatocclhilai Jaundice 


Kumber of Values Falling Within the Range 



0 to 10 

10 to 20 

20 to SO 

Over SO 


Units 

Units 

Units 

Units 

Nonmahgnant obstruction 

4 

4 

5 

0 

Malignant obstruction 

6 

4 

Q 

2 

Total obstruction 

10 

s 

11 

0 

Hepatocellular jaundice 

12 

7 

o 

u 

0 


COMMENT 

These data aie essentially in agi cement with those repoited by 
Bodansky a nd Jafte," Herbeit,^ and Greene, Shattuck and Kaplowntz 

3 Bodansky, A , and Jaffe, H L (a) Phosphatase Studies IV Serum 
Phosphatase of Non-Osseous Origin, Significance of the Variations of Serum 
Phosphatase m Jaundice, Proc Soc Exper Biol & Med 31 107, 1933, {h) Phos- 
phatase Studies VIII Increase of Serum Phosphatase After Bile Duct Ligation 
m Dog, ibid 31 1179, 1934 

4 Herbert, F K Plasma Phosphatase in the Various Types of Jaundice 
Brit J Exper Path 16 365, 1935 

5 Greene, C H , Shattuck, H F, and Kaplowitz, L The Phosphatase 
content of the Blood Serum in Jaundice, J Chn Investigation 13 1079, 1934 
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As m the case of the data presented by Greene and his colleagues, tho 
phosphatase values obtained m the present senes exhibit a wide ovei- 
lapping in obstructive and hepatocellular jaundice This obsenation is 
contradictory to the findings of Roberts and Rothman, Meranze and 
Meranze,*^ vho said the} believed that there is a rather shaip line of 
demarcation in this regard between these two types of jaundice Roth- 
man and his associates found values greatei than 10 units pei bundled 
cubic centimeters (modified Roberts method) for twenty-five of twenty- 
nine patients with obstructive jaundice and 10 units or less for eighteen 
of twenty-four with hepatocellular jaundice Although the data reported 
by practically all investigators of this problem indicate^ that a largei 
propoition of patients with obstiuctive than of those with hepatocellulai 
jaundice exhibit very high phosphatase values, it appears that the 


T\ble 4 — Dtsfi tbulton of Phosphatase Valuer foi Fifty Patients with Obsttuctwc 
and Foity-One with Hepatocellulai Jaundice (Combined Data of Present 
Senes and That of Gieene, Shattnek and Kaplozmta) 


Number of Values Falling Within the Range 

A 



OtolO 

10 to 20 

20 to 30 

Over 30 


Units 

Units 

Units 

Units 

Xonmnllgnant obstruction 

5 

10 

6 

i 

Malignant obstruction 

7 

5 

9 

4 

Total obstruction 

12 

15 

15 

8 

Hepatocellular j aundice 

15 

10 

7 

3 


1 datively sharp delimitation of these values in the gioups of patients 
studied by Roberts ^ and Rothman, Meranze and Meranze “ is purely 
coincidental Unfortunately the difference in the methods employed by 
different observeis renders impossible a quantitative correlation of all 
the leported observations 

Table 4 comprises the combined data of the present senes and that 
of Greene, Shattuck and Kaplowitz ® obtained by the same method 
(Bodansky) Comparison with table 3 indicates clearly the alteiation 
in distribution of phosphatase values when the influence of chance is 
lessened by increasing the number of observations It is noted that the 
lalue for serum phosphatase was below 10 units in 24 per cent of fifty 
patients with obstiuctive and in 36 6 pei cent of forty-one with hepato- 
cellular jaundice In view of this fact, the observation that values 
aboi e 20 units were obtained in 46 per cent of those with obsti uctive 
jaundice and in only 24 4 per cent of those with hepatocellulai jaundice 
has little if anv piactical significance from the standpoint of differential 
diagnosis 

6 Rothman, M , fsleranze, D R , and Meranze, T Blood Phosphatase 
as an Aid in the Differential Diagnosis of Jaundice, Am J M Sc 192 526, 1936 
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As has been found b}^ previous investigators, theie was no close 
coi relation between the degree of bilirubineinia and the phosphatase level 
foi either group of patients This lack of relationship is well illustrated 
by patients 6, 19, 20, 22, 24, 26, 32 and 52 It is interesting in this 
connection to note that for a patient with portal cirrhosis studied by 
Gi eene and his associates ^ the bilirubin content of the serum was 30 5 
mg per hundred cubic centimeters and the phosphatase content was 
1 3 units, whereas f oi another the phosphatase content was 19 9 units 
and the bilirubin content was within normal limits 

In the cases repoited by Herbert.^ although there was no close coi- 
1 elation between the duration of jaundice and the level of serum 
phosphatase, very high values were more frequent in cases of malignant 
giowth than in cases of calculous obstruction It was suggested that 
lecent, incomplete or intermittent obstruction may be associated with 
lelatively slight inci eases in the phosphatase content Howevei, when 
our data are combined with those of Gieene, Shattuck and Kaplowitz,® 
there appears to be little significant difference m distribution for patients 
with malignant and those with nonmalignant obstiuctive jaundice 
Imitheimoie, the seium phosphatase was normal in patient 19, an infant 
of 3 months with congenital obliteration of the bile ducts These obser- 
vations appeal to indicate the lack of influence of duiation and perman- 
ence of obstruction in this connection However, it must be borne m 
mind that, as pointed out by Bodansky and Jaffe,®*^ anemia, malnutrition 
and senility tend to lowei the phosphatase content of the serum and 
should be taken into consideration in interpreting clinical variations in 
this factor 

It seems futile in the present state of knowledge to theorize legarding 
the possible mechanism of production of the increase in seium phos- 
phatase in jaundice of obstructive and hepatocellular origin The sub- 
ject has been reviewed recently by Heibert'^ and one of us (A C ) ^ 
It appears to be clear, however, that this mciease cannot be explained, 
as Herbert implied, on the basis of obstiuction to the flow of bile, either 
extrahepatic or intrahepatic This hypothesis is contradicted by observa- 
tions, such as those of Greene and his colleagues ° in portal cnrhosis, 
just cited, and by the data for patient 52 in the present senes, which 
showed marked elevation of the phosphatase level accompanied with little 
01 no increase in serum bilirubin The presence of noimal phosphatase 
activity in an infant of 3 months with congenital obliteration of the 
bile ducts appears to be incompatible with such a hypothesis Fuithei- 

7 Cantarow, A Review of Phosphatase Activit}^ and Calcium and Elec- 
trolyte Metabolism, Internat Clin 1 230, 1936 
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more, Ste\\ait, jNIcCooI and one of us (A C) ® found little oi no 
increase m the phosphatase content in a large senes of cats with total 
liihar) stasis of \arying duration pioduced b} ligation of the common 
bile duct This observation is interesting because of the marked 
increase which was noted under such cncumstances in dogs b} Bodansk^ 
and Jafte and Aimstrong and King® It seems unlikely that theie 
w'ould be so maiked a species difteience in this lespect if stasis pei se 
were the only etiologic factor of fundamental importance It should 
be noted also that Hartman and Schelling and Armstrong and King '• 
found an mciease m serum phosphatase m dogs m tl>e presence ot 
hepatic functional impaiiment pioduced by a variety of methods 
(modified Eck fistula, high voltage loentgen iriadiation, caibon tetia- 
chloride, chloiofoim, phosphorus and toluylenediamine) 

The data obtained for the piesent series of patients support the view 
that determination of the level of seium phosphatase is of no value 
in distinguishing jaundice of obstiuctive from that of hepatocellulai 
origin 

SUMMARY 

Serum phosphatase deteiminations Aveie obtained foi thiity-one 
patients wuth obstiuctive and twenty-two with hepatocellulai jaundice 
There was a wude ovei lapping of phosphatase values m the two groups 
wdiich became even more pronounced when the present data were com- 
bined wuth those leported by other observeis employing the same 
methods It appears that this procedure is of no value m dilteientiating 
betw'een these tw'o tyj^es of jaundice 

8 Cantarow, A , Stewart, H L , and McCool, S G Serum Phosphatase in 
Cats with Total Bile Stasis, Proc Soc E-s.per Biol & Med 35 87 (Oct ) 1936 

9 Armstrong, A R , and King, E J Serum Phosphatase m Toxic and 
Haemohtic Jaundice, Canad M A J 32 379, 1935 

10 Hartman, P W , and Schelling, V Serum Phosphatase in Experimental 
Insufficiency of the Liver, Arch Path 18 594 (Oct ) 1934 
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PERNICIOUS ANEMIA 
ETIOLOGY 

The mechanism of the development of pernicious anemia has been 
explained by Castle ^ on the basis of interaction of an intrinsic factor 
secreted by the gastric mucosa and an “extiinsic factoi’' provided by 
the diet, thereby producing a substance which controls the maturation 
of red blood cells in the bone marrow Greenspon ” has peifoimed 
experiments which iii his opinion suggest a different interpretation of 
the observations of Castle Greenspon’s theory is as follows It is 
assumed that an erythrocyte-stimulating hormone is secreted by the 
gastric mucosa When pernicious anemia develops there is a loss 
of this hormone, coincident with atrophy of the gastric glands, and 
the anemia of the disease develops In support of his theory this investi- 
gator reported that the injection of extracts of gastric mucosa of the 
hog into labbits and guinea-pigs caused (1) a substantial increase m 
the number of circulating erythrocytes, (2) moderate reticulocytosis and 
(3) hyperplasia of the bone marrow Certain other experiments were 
performed which led to the conclusion that the addition of pepsin destroys 
the antianemic properties of stomach U S P In addition, the author 

From the Thomas Henry Simpson Memorial Institute for Medical Research, 
the University of Michigan 

The present review deals with the literature on hematology which appeared 
ir 1936 A few articles which were published in 1935 are included To conserve 
space It has been necessary to select certain papers at the expense of others A 
number of the more important contributions which have been omitted will be 
included in subsequent reviews 

1 Castle, W B The Etiology of Pernicious and Related Macrocytic 
Anemias, Science 82 ‘159 (Aug 23) 1935 

2 Greenspon, E A The Nature of the Antipernicious Anemia Principle 
in Stomach Method to Improve Stomach Preparations, JAMA 106 266 
(Jan 25) 1936 
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concluded that the oral administration of gastric juice alone is eftectue 
It peptic actiMty is pieiented This is contrary to the basic experiments 
of Castle and his co-workers Greenspon’s theory, which places a 
different interpretation on the experiments of Castle relating to the 
interaction of an intrinsic factoi and beef muscle (extrinsic factor), 
may be stated as follows Normal gastric juice contains an antianemic 
factor and free pepsin The pepsin has an “antagonistic” action toward 
the antianemic factor and rendeis it inert When gastiic juice is incu- 
bated with beef muscle, the protein of the muscle interacts with the free 
pepsin to foim bound pepsin, thereby permitting the antianemic factor 
to become active From the experiments performed and certain theo- 
retical considerations, a new method of making stomach preparations 
Nvas suggested m which the antagonistic action of pepsin was eliminated 

Hanes, Hansen-Pruss and Edwaids ^ repeated some of Greenspon’s 
experiments, adhering strictly to his technic, with negative lesults 
Greenspon had reported that “the oral admmistiation of normal gastiic 
juice IS effective in pernicious anemia if peptic activity is prevented, 
also that the mere physical piesence of pepsin is not destructive to the 
anti-permcious factor, if the pepsin is inactive ” Hanes and his col- 
leagues fed gastnc juice, modified by the technic of Greenspon, to 5 
patients with pernicious anemia and did not observe any subjective oi 
objective evidence of improvement in the condition of the patients 
Other expeiimental data which aie not in accord with Greenspon’s theory 
have been reported by Flood and West,^ Ungley ® and Moffett and 
Fitz-Hugh and Creskoff ® 

Castle and Ham ’’ in a dii ect i eply to Greenspon cited a group of 
experiments which “fail to sustain” Greenspon’s conclusion Then 
observations led to the following conclusions 

1 Normal human gastiic juice does not contain, on oral administia- 
tion an “antipernicious anemia principle” effective without contact rvith 
food (extrinsic factor) 

3 Hanes, F M , Hansen-Pruss, O C , and Edwards, J W The Feeding 
of Modified Gastric Juice in Pernicious Anemia, J A M A 106 2058 (June 13) 
1936 

4 Flood, C A , and West, R Some Properties of Castle’s Intrinsic Factor, 
Proc Soc Exper Biol & Med 34 542, 1936 

5 Ungley, C C Observations on Castle’s Intrinsic Factor in Pernicious 
Anaemia, Lancet 1 1232 (May 30) 1936 

6 Fitz-Hugh, T , Jr , and Creskoff, A J Experiments with “Depepsinized” 
Human Gastric Juice in Treatment of Pernicious Anemia, Am J M Sc 192 
168, 1936 

7 Castle, W B , and Ham, T H Observations on the Etiological Relation- 
ship ot Ach\lia Gastrica to Pernicious Anemia Further Evidence for the 
Essential Participation of Extrinsic Factor in Hematopoietic Responses to Mixtures 
of Beet Aliiscle and Gastric Juice and to Hog Stomach Mucosa, J A !M A 
107 1456 (Oct 31) 1936 
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2 Mucosa of hog stomach contains both a thermostable (extiinsic) 
factor and a theimolabile (intrinsic) factoi presumably responsible 
foi the activity of such mucosa and of whole desiccated hog stomach 

3 Incubation of normal human gastric juice for two hours at 37 5 
C in the presence of native pepsin and hydrochloric acid inactivates only 
a portion of its content of intrinsic factor. 

4 Beef muscle (extrinsic factor) and gastric juice (intrinsic fac- 
tor) administered without opportunity for contact are not effective in 
pernicious anemia 

Ever since liver therapy has been used in the treatment of pernicious 
anemia, attempts have been made by various investigators to isolate 
tiie active antianemic piinciple from that substance In 1935 Dakin 
and West described the prepaiation and partial purification of a pioduct 
fiom liver which was effective in causing regeneration of blood in 
pernicious anemia In 1936 Dakin, Ungley and West® leported furthei 
studies on the isolation of this substance and recorded certain conclu- 
sions which may be deduced from the chemical data thus acquired They 
coiifiimed then previous observation that the active pimciple in livei 
IS, 01 IS associated with, a peptide which possesses some of the properties 
of an albumose Additional studies indicated that an aminohexose (dex- 
liosamine) is not an essential part of the molecule On hydrolysis the 
peptide yields aigmine, leucine, amino-acetic acid, prohne, hydroxy pro- 
line, aspaitic acid and an acid resembling hydroxyglutamic acid Then 
work indicated that the substance has a molecular size of about 2 1 
millimicions and a molecular weight between 2,000 and 5,000 When the 
methods of isolating this material are applied to kidney and biam, 
they do not yield a hematopoietic substance 

Of interest from the standpoint of the lelation of gastric juice to 
the etiology of pernicious anemia are the experiments of Mermod ® 
This investigator, following the method of Jacobson,^® demonstrated 
that an increase in the number of leticulocytes in the peripheral blood 
of guinea-pigs followed the intraperitoneal injection of congo red and 
the intra-venous injection of gastric juice from normal subjects and 
those having gastric anacidity but no anemia The intramuscular injec- 
tion of gastric juice from patients with peimcioiis anemia was not 
followed by an mciease in the reticulocyte count of guinea-pigs within 

8 Dakin, H D , Ungle}^, C C, and West, R Further Observations on 
the Chemical Nature of a Hematopoietic Substance Occurring- in Liver T Biol 
Chem 115 771, 1936 

9 Mermod, C Reticulocytosis in Guinea Pig Following Injections of Gastric 
Juice and Congo Red, J Clin Investigation 15 S59, 1936 

10 Jacobson, B M Note on Guinea-Pig Method of Assay of Liver Extract 
Brit J Exper Path 17 307, 1936 
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the first eight days The leaction of the guinea-pig to the intramusculai 
injection of gastric juice was proposed as a test for the diagnosis ot 
anemia of obscure origin Such data could be interpieted as fuithei 
evidence that the fundamental defect m pernicious anemia is in the 
gastric secietions The failure of Jacobson’s method of studying leticulo- 
cjtogenic substances to receive unanimous confirmation causes one to 
withhold complete acceptance of Mermod’s work until additional studies 
have been made 

Cheney incubated scrapings of human duodenal mucosa with hvei 
and liver extract and administered the resultant substance to patients 
with pernicious anemia and other macrocytic anemias He concluded that 
a “duodenal ferment” increases the efficacy of liver as a theiapeutic 
agent in these types of anemia He considered that the “unknown fer- 
ment” (“intrinsic factor” of Castle) is at a higher concentration in the 
duodenal mucosa than in the stomach and that in patients with pernicious 
anemia there is a gastroduodenal defect or an inactivity of the pyloiic 
region (Brunner’s gland) He suggested that the activity of the duo- 
denal mucosa explains the absence of macrocytic anemia in some patients 
with gastric achylia and atrophy of the mucosa of the stomach and 
also may account for the failure of this type of anemia to follow gastrec- 
tomy in all instances 

Goldhamer^^ studied the volume of gastric juice of 26 patients dui- 
ing a relapse of pernicious anemia The average volume secreted pei 
lioui was 20 cc , as compared with the normal secretion, which is about 
150 cc per hour When this material was incubated with beefsteak 
and fed to other patients duiing a relapse, a reticulocyte response was 
observed It was concluded from these experiments that in patients 
with pernicious anemia the intrinsic factor was present in the stomach 
contents but that the deficiency was quantitative rather than qualitative 
Palmer and Porter and Fitz-Hugh and Creskoflf ® performed similar 
experiments but were unable to confirm this work 

The relationship of the functions of the stomach to the pioduction 
of red blood cells is not limited to pernicious anemia Naegeh pointed 
out that many anemias may result from deficiencies of the stomach and 
gastro-intestmal tract but that liver and desiccated stomach are of value 

11 Cheney, G Investigation into Production of Proteolytic Ferment in 
Duodenum Which Will Increase Anti- Anemic Efficacy of Liver Its Relation- 
ship to Cause of Pernicious Anemia, Am J Digest Dis & Nutrition 3 541, 1936 

12 Goldhamer, S M Presence of Intrinsic Factor of Castle in Gastric Juice 
of Patients with Pernicious Anemia, Am J M Sc 191 405, 1936 

13 Palmer, W L, and Porter, R T Combined Cord Degeneration Without 
Anemia A Case Report with Studies Bearing on the “Intrinsic Factor” of 
Castle, J Clin Investigation 15 343, 1936 

14 Naegeh, O Die Beziehungen des Magen-Darmkanals zur Blutbildung 
und zur Entstehung von Anamien, Helvet med acta 3 581, 1936 
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only in peinicious anemia It is shown by Apperly and Cary^ that 
there is a diiect relationship between the red cell count of peiipheral 
blood and the degiee of gastric acidity In anemia due to hemorihage, 
if more than one third of the total led blood cells are lost fiee acid 
disappears from the stomach content As the blood approaches noimal, 
the “fiee acid” returns, and the amount gradually approaches normal 
In polycythemia the acidity again falls The lattei observation is con- 
trary to the beliefs of some investigators, who aie of the opinion that 
the increased production of red blood cells in polycythemia is the lesult 
of overactivity of gastric secretion Apperly^® pointed out that when 
anemia is associated with achloihydria, it is necessary to distinguish 
between “achloihydnc” anemia and the absence of ^‘free” acid as a 
result of a reduced number of led cells in the peripheral blood 

In studying the anemias of children Racugno stated that many 
of them can be differentiated by careful studies of the gastric cbemistiy 
In his opinion the gastric changes are secondary to the existing anemia 

Several interesting observations were reported by Karczag,^® who 
made spectographic studies of the gastric contents of patients with per- 
nicious anemia He pointed out that the gastric secretions have a selec- 
tive absorption spectrum and that the values obtained for patients with 
peinicious anemia are quantitatively lower but similar m type to those 
of normal persons The gastric juice is not a protein, polypeptide, aro- 
matic ammo-acid, lactic acid or bile pigment but resembles the vitamin B 
complex 

SYMPTOMATOLOGY, CHANGES IN THE BLOOD AND MANIFESTATIONS 
DUE TO LESIONS IN THE SPINAL CORD AND BRAIN 

An analysis of 580 consecutive cases of true pernicious anemia was 
leported by Isaacs From the data a patient with pernicious anemia 
IS defined statistically as a man or woman (equal possibility) between 
the ages of 35 and 55 years, of no specific nationality but generally of 
a race oiiginating in the noithern European countries, who is under- 
weight, who has light-colored hair, generally blue eyes and pale skin, 
and long wide ears, and who shows no secretion of hydrochloiic acid 

15 Apperly, F L, and Cary, M K Relation of Gastric Acidity to Erythrocyte 
Content of Blood, Am J Digest Dis & Nutrition 3 466, 1936 

16 Apperly, F L Gastric Acidity and Its Significance Clinical and Experi- 
mental Study, Lancet 1 5 (Jan 4) 1936 

17 Racugno, A Osservazioni intorno alle conoscenze sul chimismo gastrico 
nei bambini, Clin pediat 18 129 and 331, 1936 

18 Karczag, L The Spectrographic Anomalies of Gastric Juice in Pernicious 
Anaemia, Lancet 1 947 (April 25) 1936 

19 Isaacs, R Blood Cell Morphology in Constitutional Types and Hereditv 
in Medical Papers Dedicated to H A Christian, Physician and Teacher, in Honor 
of His Sixtieth Birthday, Baltimore, Waverly Press, Inc , 1936, p 538 



1056 


ARCHIVES OF INTERNAL MEDICINE 


at any time m the stomach , relatn e hypotension , a tendency to hyper- 
chromic macrocytic anemia, leukopenia and hypeibilirubinemia, atiophy 
of the lingual papillae, and neurologic changes associated with lesions 
in the posterolateral columns of the spinal coid 

In Hoffmann’s series of 57 patients the total numbei of leukocytes 
varied from 2,000 to 3,500 per cubic millimeter There was an initial 
inciease aftei liver therapy or blood transfusion In half the patients 
who received hvei therapy the impiovement in the leukocyte picture did 
not appear until after there was a response of the led blood cells, after 
which the “shift to the right” of the polymorphonuclears, the relative 
lymphocytosis and the monocytopenia were replaced by a more normal 
condition Eosmophiha, however, frequently persisted In half the cases 
the rapid improvement in the leukocyte picture was of prognostic value 

Reichel noted that the speed of sedimentation of the red blood 
corpuscles is inci eased when the anemia is marked and that it decreases 
as the blood count improves 

Van der Sande-^ described a condition noted by others, namel}-, the 
development of carcinoma of the stomach in patients with peinicious 
anemia The patients fall into the proper age group and would natuially 
be susceptible to the development of a neoplasm So far no definite 
relationship between the two diseases has been established It is wise 
to think of the possibility of a gastric neoplasm m patients under treat- 
ment for pernicious anemia Among diseases and syndromes which have 
been described in association with pernicious anemia are hyperthyroid- 
ism (Andius and Wintrobe , diabetes melhtus, terminating in acute 
myeloid leukemia (Elman and Marshall , myxedema (Holbjzlll and 
Greene^®), and bacillary dysenteiy (Greene 

20 Hoffmann, D Beobachtungen uber das Verhalten des weissen Blutbildes 
bei pernizioser Anamie in der Zeit vor und nach Einfuhrung der Lebertherapie, 
Khn Wchnschr 15 598 (April 25) 1936 

21 Reichel, H Blutkorperchensenkung bei pernizioser Anamie, Klin 
Wchnschr 14 1679 (Nov 23) 1935 

22 van der Sande, D Question of Relation Between Pernicious Anemia and 
Gastric Cancer, Nederl tijdschr v geneesk 80 4774 (Oct 24) 1936 

23 Andrus, E C , and Wintrobe, M M Note upon the Association of 
Hyperthyroidism and Pernicious Anaemia, Bull Johns Hopkins Hosp 59 291, 
1936 

24 Elman, C , and Marshall, S Anaemia of Pernicious Type Complicated 
by Diabetes Melhtus and Terminating in Acute Myeloid Leukaemia, Lancet 2 
1094 (Nov 7) 1936 

25 Holbjzfll, S A Anaemia permciosa og myx^dem, Hospitalstid 78 1181 
kNov 12) 1935 

26 Greene, J A Comparison of Symptoms, Physical and Laboratory Findings 
of Myxedema and Pernicious Anemia, with Report of Three Cases, Ann Int 
Med 10 622, 1936 

27 Greene, J A Diagnosis of Bacillary Dysentery Report of a Chronic 
Case Associated with Pernicious Anemia, J Iowa M Soc 26 148, 1936 
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Patients with pernicious anemia may first piesent themselves to the 
physician foi relief of the neuiologic symptoms Of Ciaig’s senes, 
12 7 pel cent of the patients with pernicious anemia had a neuiologic 
complication as the mam symptom paresthesias, 80 per cent, girdle 
pain, 2 8 per cent, and sensation of a tight band aiound the knees, 1 7 
per cent In 1 4 per cent of the patients the neivous manifestations 
antedated the appeal ance of the anemia Among othei authors lepoitmg 
carcinoma of the stomach and pernicious anemia aie Calabresi,"® Grey- 
man, Livshits and Pevznei,"® Gull,®" Rambach,"^ Silveiman,^^" and 

Thiele 

The extiemely common occuiieiice of symptoms and signs lefeiable 
to the central nervous system m pernicious anemia has led most mves- 
tigatois to the conclusion that it is a part of the same disease piocess 
The opinion has been expressed that if neurologic complications are 
absent m a case of macrocytic anemia, although pernicious anemia is a 
possibility, one should look for other causes of macrocytic anemia The 
etiology of the changes m the nervous system remains obscuie It is 
believed by some that the manifestations in the spinal cord may lesiilt 
from a vitamin deficiency Others still maintain that there is a specific 
neurotoxm due to a disturbance in lipid metabolism or that the changes 
in the cential neivous system are related directly to the anemia There 
IS coiisideiable opposition to the latter view Palmer and Porter"® have 
1 eported a case of combined degeneration of the spinal coi d without any 
evidence of anemia 

The most common neurologic symptoms are numbness and tingling 
of the extremities, coldness, ataxia, loss of finer coordination of the 
fingeis and disturbances of the bowel and bladder The character of 
the signs depends on the site of the lesion and the extent of the patho- 

28 Craig, W M Tumors of the Spinal Cord and Their Relation to Medicine 
and Surgery, J A M A 107 184 (July 18) 1936 

29 Calabresi, M Anemia perniciosa e carcinoma gastnco, Pohclimco (sez 
prat) 43 1685 (Sept 21) 1936 

30 Greyman, A A , Livshits, S M , and Pevzner, S D Malignant Degenera- 
tion of Gastric Adenoma Associated with Pernicious Anemia, Vestnik khir 45 
245, 1936 

31 Grill, H Ein Fall von Anaemia perniciosa uiid Magencarcmom, Folia 
haemat 54 410, 1936 

32 Rambach, H Ueber die Entwicklung von Magenkrebs bei der perniziosen 
^Liiamie, Monatschr f Krebsbekampf 4 201, 1936 

33 Silverman, S Pernicious Anaemia Followed by Carcinoma of the Stomach 
Lancet 2 71 (July 11) 1936 

34 Thiele, W Perniziose Anamie und Magencarcmom unter besonderer 
Berucksichtigung ihres famiharen Auftretens, Klin Wchnschr 15 92] (June 27) 
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logic ln^olvenlent of the spinal coid Tourieilles and Vazquez" pointed 
out that the anterior, lateral or posterior gray columns of the cord may 
be invohed separately or simultaneously As a result the leflexes may 
he increased, decreased or absent The mental picture is not specific, 
and many observers are of tfie opinion that the manifestations of cerebial 
involvement are independent of the disease process of pernicious anemia 
Schwab and Schwab discussed the association of pernicious anemia 
and the parkinsonian syndrome and discussed the possible etiology 

The neurologic and psychiatric features have been emphasized by 
Cain and Ceilhei , Cam, Ceilher, Cattan and Bachman , Langelud- 
deke,"® and Petit and Delmond 

TREATMENT 

Aftei the use of hvei extract made by the method of Dakin and 
West, improvement in the blood of patients with pernicious anemia was 
noted by Ungley, Davidson and Wayne and also by Wilkinson In 
11 patients doses of from 1 to 6 cc (100 to 600 mg ) caused an mciease 
in the led blood cell count m forty days, but larger doses were required 
foi the production of red blood cells at a maximal rate The results 
demonstrate that the Reinecke acid extraction of liver separates a con- 
siderable amount of the hematopoietically active principle 

Murphy^® recommended the intiamuscular injection of liver extiact 
as the method of choice in the treatment of pernicious anemia He 

35 Tourreilles, J F, and Vazquez, P C Neuro-Anemic Syndrome of Unusual 
Localization, Semana med 2 1583 (Dec 3) 1936 

36 Schwab, S I , and Schwab, R S Pernicious Anemia and Combined 
System Disease with Diabetes Mellitus and Parkinsonian Syndrome Report 
of Case, Arch Neurol & Psychiat 35 126 (Jan ) 1936 

37 Cain, A , and Ceillier, A Contribution a I’etude des psychoanemies 
Examen psychiatnque de quatre cas d’anemie de Biermer, Ann med-psychol 
(pt 1) 94 582, 1936 

38 Cam, A , Ceilher, A , Cattan, R , and Bachman Anemie biermerienne 
et troubles psychiques. Sang 10 770, 1936 

39 Langeluddeke, A Em Fall von pernizioser Anamie mit Psychose und 
anderen selteneren Symptomen, Deutsche med Wchnschr 62 963 (June 12) 1936 

40 Petit, G , and Delmond, J Le syndrome d’Adie en pathologie mentale 
Ses rapports avec les syndromes neuro-et psychoanemiques, Ann med -psychol 
(pt 1) 94 497, 1936 

41 Ungley, C C , Davidson, L S P , and Wayne, E J Treatment of 
Pernicious Anaemia with Dakin and West’s Liver Fraction (Anahaemm), Lancet 
1 349 (Feb 15) 1936 

42 Wilkinson, J F Note on Anti- Anaemic Principle of Liver, Lancet 1 
354 (Feb 15) 1936 

43 Murphy, W P Treatment of Pernicious Anemia with Intramuscular 
Injections of Highly Concentrated Solution of Liver Extract, Am J M Sc 
191 597, 1936 
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used a pieparation in -whicli 1 cc was made from 100 Gm of liver 
Injections from every ten to twenty-eight days served to maintain the 
blood at a normal level 

Antolyzed liver extract was found to be effective b}^ Klumpp in 
doses of from 1 to 8 teaspoonfuls daily (average 3 teaspoonfuls), lep- 
resenting from 150 to 300 Gni of liver 

Instead of from 30 to 50 Gm of dried stomach, Henning and Keil- 
hack used 5 Gm of a powder made from the mucous membranes of 
the antrum For the ‘'extiinsic factor/’ vegetable protein was used 

Strauss^® advocated transfusion of blood if theie is an hunger or 
circulatory failure To anemic patients 10 units of liver extract should 
be given intiamusculaily for three days and then at weekl}’’ intervals 
until the blood count is noimal Larger doses are required to raise the 
led cell count to 5,000,000 per cubic millimeter Frequently after twelve 
months of "noimal” blood counts it is possible to inciease the interval 
between injections to two weeks Strauss advocated laige doses of liver 
extract to arrest completely all progress of degeneration of the spinal 
cold “It has been unequivocally established,” he said, “that such arrest 
can be achieved if sufficient amounts of liver extract are employed ” 
This would require 35 units intramuscularly during the first week and 
at least 10 units a week thereafter and double the dose if the neurologic 
lesions progress This treatment must be continued for at least a year 
and reduced later with great caution Iron should be added when a 
hypochromic condition develops The U S P unit is the amount of 
material which when given daily will produce a satisfactory rise in the 
leticulocyte count and an adequate increase in the number of erythro- 
cytes and the percentage of hemoglobin in selected patients with addi- 
sonian pernicious anemia 

In the tieatment of the neurologic manifestations, Schallei and 
Newman injected 10 cc of liver extract intramuscularly once every 
three weeks, after the initial injections every three oi four days foi 
two or three weeks and then at weekly intervals during the first yeai In 
none of their series of 40 patients studied over a period of five years 
was theie any progression of the neural symptoms when adequate tieat- 

44 Klumpp, T G The Treatment of Pernicious Anemia with Autolyzed 
liver Concentrate, JAMA 106 1245 (April 11) 1936 

45 Henning, N , and Keilhack, H Untersuchungen uber eine rationelle 
Dauertherapie der perniziosen Anamie, Arch f Verdauungskr 59 129, 1936 

46 Strauss, M B The Pharmacopeia and the Physician The Use of Drugs 
in the Treatment of Anemia, JAMA 107 1633 (Nov 14) 1936 

47 Schaller, W F, and Newman, H W Liver Therapy for Combined 
Sclerosis, Arch Int Med 58 45 (Julj) 1936 
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merit was gnen If neuiologic s}mptoms do progress, it is a sign that 
treatment is inadequate 

Baserga recommended injection of Iner extract conespondmg 
to 5,000 Gm a ^^eek or in a two week interval for patients with neuro- 
logic complications In his opinion the dail} intramuscular injections 
of liver extract corresponding to 700 Gm will prevent neurologic 
symptoms The hemoglobin value for men should be kept at 100 pei 
cent and that of women at 90 per cent Large doses of iron and ph} sical 
reeducation are adiocated It is suggested that discontinuance of ther- 
apy because of financial conditions is the mam cause of the development 
of neurologic lesions 

Since there are spontaneous variations in the intensity of the neuro- 
logic manifestations wuthout therapy, conclusions drawn from the 
benefits of specific treatment must be guarded Improvement in the 
sjmptoms and objective arrest of the signs when adequate antianemia 
therapy is administered have been reported by Haden,’*^ Mills and 
Hyland and Farquharson Adequate treatment means not only a nor- 
mal red cell count and hemoglobin value but normal morphologic char- 
acteristics of the red blood cells Russell noted sensory improvement 
after subcutaneous injections of large doses of vitamin 

A summary of the effects of various types of therapy gnen to 577 
patients with pernicious anemia was given by Sturgis and Isaacs In 
this group of patients there were 76 deaths during an eight year period 
Thirty-seven, or 49 per cent, died of complications of pernicious anemia, 
especially lesions associated with changes in the central nervous S} stein 
Sturgis stressed the importance of suiting the dose of hvei extract 
to the individual patient 

48 Baserga, A Contributo clinico alio studio delle sindromi nervose dell’- 
anemia perniciosa, Haematologica 17 603, 1936 

49 Haden, R L The Treatment of the Neuromuscular Sequelae of Per- 
nicious Anemia, S Clin North America 16 1077, 1936 

50 Mills, E S The Effect of Therapy on Nerve Degeneration m Pernicious 
Anemia, Am J M Sc 191 72, 1936 

51 H 3 dand, H H , and Farquharson, R F Subacute Combined Degenera- 
tion of Spinal Cord m Pernicious Anemia Results of Treatment m Seventy- 
Four Consecutive Cases with Certain Clinical Observations, Arch Neurol S. 
Psychiat 36 1166 (Dec ) 1936 

52 Russell, W R The Parenteral Administration of Vitamin Bi in the 
Treatment of Polyneuritis and Other Conditions, Edinburgh M J 43 315, 1936 

53 Sturgis, C C, and Isaacs, R The Present Status of the Treatment of 
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MACROC\TIC ANEMIA OTHER THAN PERNICIOUS ANEMIA 

The various etiologic factois which may pioduce maciocytic anemia 
have been discussed in the current leview^s of Davidson,®® Muiry and 
Isaacs and his associates®' Although Gieenspon- suggested that an 
extrinsic factor was unnecessary, it is generally accepted that the sub- 
stance reijuired for the normal development of red blood cells is pio- 
duced by the iiitei action of the extiinsic and intrinsic factois The 
product formed is absorbed from the intestine, stored m the liver and 
leleased to the body tissues foi utilization as needed If there is a 
disturbance of an}^ of the factois which aie involved in this mechanism, 
maciocytic anemia will result 

Although the natuie of the extiinsic factoi has not been identified, 
Napiei ®® and Konstam and Gordon ®® demonstiated clinically that a 
commercial!}' piepared autolyzed yeast pioduct is a satisfactory source 
Any Intel feience with the production of the intrinsic factoi by the 
stomach may pioduce macrocytic anemia Bachman®® reported a case 
of inflammation of the stomach and maciocytic anemia in an infant less 
than 1 year of age Tateno ®’- observed the changes in the blood f olloiv- 
mg total gastrectomy in man and suggested the term agastiic hypoplastic 
hyperchromic anemia Heck and Walters ®" noted a satisfactory response 
to liver therapy in a woman m whom macrocytic anemia developed after 
gastiic resection 

The macrocytic anemias which have been observed clinically in asso- 
ciation with disturbances of gastiic function have been difficult to pro- 
duce expel iinentally Bussabarger and Ivy®® removed the stomachs of 
8 monkeys, and microc}tic anemia developed in all Hogs were gas- 

55 Davidson, L S P Pernicious Anaemia and Other Macrocytic Anaemias, 
Brit M J 1 804 (April 18) 1936 

56 Murry, H E The Stomach and Anemias, South M J 29 312, 1936 

5T Isaacs, R , Sturgis, C C , Bethell, F H , and Goldhamer, S M Blood 
A Review of the Recent Literature, Arch Int Med 57 1186 (June) 1936 

58 Napier, L E Tropical Macrocytic Anaemia, Lancet 2 679 (Sent 19) 
1936 

59 Konstam, G, and Gordon, H Idiopathic Steatorrhea with Skin Lesions 
and Megalocytic Anaemia, Proc Roy Soc Med 29 629, 1936 

60 Bachman, A L Macrocytic Hyperchromic Anemia in Early Infancy 
Report of Case and Review of Literature, Am J Dis Child 52 633 (Sept ) 
1936 

61 Tateno, S Ueber 3 Falle von Totalexstirpation des Magens, insbesondere 
uber deren postoperative Blutbefunde, Arch f klin Chir 184 681, 1936 

62 Heck, F J, and Walters, W Development of Macrocjtic Anemia 
Following Resection of Stomach, Proc Staff Me6t , Mayo Chn 11 118 (Feb 19) 
1936 

63 Bussabarger, R A , and Ivy, A C Hematologic Studies on Gastrec- 
tomized Monkeys, Proc Soc Exper Biol & Med 34 ISl, 1936 
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trectomized by Bence Duiing the first year postoperatively miciocytic 
anemia developed, which gradually was replaced by macrocytic anemia 
The bone marrow of these animals was similar to that seen in patients 
with pernicious anemia during a relapse The stomachs of 45 rats were 
remo\ed by Bussabarger and Jung,**® and m all instances hypochromic 
anemia resulted This responded best to iron medication plus liver 
extract Several investigators gastrectomized dogs Petri and his 
co-w^orkers reported normochromatic anemia and also observed degen- 
erate e changes in the gray substance of the medulla Vlados and his 
colleagues reported the development of both secondary and primaiy 
anemia after gastrectomy in dogs In their opinion the intrinsic factor 
IS a ferment Fontes and his colleagues,®® as well as Ducuing and his 
associates,®® reported hypochromic anemia followung the removal of the 
stomachs of dogs 

The similarity of the blood picture in patients with pernicious anemia 
and in those with stiicture of the intestine was observed by Faber in 
1895 A series of 20 patients wuth vaiious intestinal lesions associated 
wuth anemia has been reported on by Butt and Watkins Eleven had 
primar} anemia, and the remaining 9 had hypochromic anemia Hawks- 
ley and Meulengracht stated the opinion that the macrocytic anemia 
wdiich IS associated wuth intestinal strictures is due to impaired absorp- 
tion or a progressive infection which causes gastritis, followed by 
atrophy of the gastric mucosa with failure of secretion of the intrinsic 
factor Konstam and Konstam and Gordon noted megalocytic 

64 Bence, G Die Beziehungen der expenmentellen agastnschen Anamie zur 
Perniciosa, Ztschr f klm Med 130 275, 1936 

65 Bussabarger, R A , and Jung, F T Dietary and Hematologic Studies 
After Gastrectomy in the Rat, Am J Physiol 117 59, 1936 

66 Petri, S , Bdggild, D , and Ohlsen, A S Experimental Investigations on 
Gastrogenic Anemias (in Dogs) Results of Operative Removal Either of Whole 
Stomach Plus Brunner Gland Region in Duodenum, or of Fundus Region Onlv 
Hospitalstid 79 509 (May 19) 1936 

67 Vlados, H , Bagdasarov, A , Dulcin, M , and Bondarenko, E 1 he Part 
Taken 63’- the Stomach in the Regulation of Blood-Formation, Acta med Scandinav 
88 295, 1936 

68 Fontes, G , Kunhn, J , and Thivolle, L Le metabolisme du fer et 
I’hematopoiese chez le chien apres gastrectomie totale et exclusive. Sang 10 
433, 1936 

69 Ducuing, J , Miletzk3, O, and Soula, C L’anemie agastnque experi- 
mentale. Sang 10 409, 1936 

70 Butt, H R , and Watkins, C H Occurrence of Macrocytic Anemia in 
Association with Lesions of the Bowel, Ann Int Med 10 222, 1936 

71 Hawksle}, J C, and Meulengracht, E Intestinal Stricture and Its 
Association wnth Pernicious Anaemia, Lancet 2 124 (July 18) 1936 

72 Konstam, G Idiopathic Steatorrhoea with Osteoporosis, Tetany and 
IiIegaloc3 tic Anaemia, Proc Ro^ Soc Med 29 631, 1936 
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anemia in patients with idiopathic steatorrhea Battaglia and Arata 
observed progressive macrocytic anemia m a woman as a result of infes- 
tation with Trichocephaliis trichiuria After antiparasitic therapy the 
blood returned to noimal, with no subsequent i elapses noted foi at 
least four years after treatment was discontinued 

The production of macrocytic anemia associated with experimental 
ciri hosis of the liver has been confirmed by Shumacker and W introbe 
These investigators also noted the piesence of hypei plastic bone mar- 
row, which IS similar to the bone marrow associated with pernicious 
anemia during a i elapse There have also been several leferences to an 
anemia in which there aie a high color index and macrocytosis occurring 
m association with diseases of the liver Box and Gill ‘ ® cited a case of 
syphilitic hepatitis in which there was a response to antisyphilitic treat- 
ment only Hatfield'^ lepoited a case of splenomegaly and anemia 
which were cured with oral and parenteral liver therapy Israels and 
Wilkinson described a syndrome characterized by macrocytic anemia, 
the presence of “free” hydrochloric acid in the gastiic contents, hypei - 
plastic bone mariow and failure to lespond to the usual types of medi- 
cation for this type of anemia The disease has a chronic course with 
ultimate death The authors substantiated their findings by citing 4 
cases which fulfil the aforementioned requirements 

There appears to be sufficient evidence that the intrinsic factor may 
be piesent in the stomach, but owing to hepatic damage the hematopoietic 
substance cannot be stoied and leleased to the body for utilization, and 
as a result macrocytic anemia develops The treatment of the anemia 
associated with these various conditions depends on which factor oi 
factors are contiibuting to the cause in each instance If the intrinsic 
factor is absent, liver admmisteied orally may be effective, however, 

73 Battaglia, A , and Arata, E C Anemia perniciosa por tricocefalos 
tnchmrus, Prensa med argent 23 1094 (April 29) 1936 

74 Shumacker, H B, Jr, and Wintrobe, M M Morphologic Changes m the 
Blood Associated with Experimentally Produced Hepatic Damage, Bull Johns 
Hopkins Hosp 58 343, 1936 

75 Wintrobe, M M Relation of Disease of the Liver to Anemia Type 
of Anemia, Response to Treatment, and Relation of T>pe of Anemia to 
Histopathologic Changes in Liver, Spleen and Bone Marrow, Arch Int Med 
57 289 (Feb ) 1936 Rosenberg, D H Macrocytic Anemia in Liver Disease, 
Particularly Cirrhosis Observations on Incidence, Coilrse and Reticulocytosis, 
with Correlated Study of Gastric Acidity, Am J AI Sc 192 86, 1936 

76 Box, C R, and Gill, A M Severe Syphilitic Anaemia of the Pernicious 
Type, Lancet 1 24 (Jan 4) 1936 

77 Hatfield, Af J An Unusual Case of Secondarv Anemia Simulating- 
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if there is a disturbance of absoiption oi stoiage paienteial tbeiapi 
should be instituted 

The association of maciocytic anemia \\itb nutiitional defects inci- 
dent to a variety of clinical conditions is reported by Bethell and Rott- 
schaef er Such conditions are generally characterized b} a lou ei mg 
of the albumin content of the serum, and the anemia may not lesult 
from a specific maturation defect They concluded that determination 
of serum proteins m conjunction with quantitatne studies of the red 
blood cells often discloses the natuie of macroc}tic anemia and is of 
lalue in the selection of treatment 

ANEMIA ASSOCIATED WITH OTHER DISEASE ENTITIES 

HEMOLYTIC ANEMIA 

The use of the term spherocjTic icterus foi the t)pe of hemolytic 
jaundice marked b} the presence of spheioid red blood cells and icteius 
has been suggested by Krumbhaai The teim is useful as well as 
descriptive 

After splenectomy the hyperactivity of ei ythi ogenesis in the bone 
marrow is decreased Totterman counted the relative number of 
developing red blood cells m the material obtained by sternal punctuie 
and found 1,893 nucleated red blood cells for each 400 Avhite blood cells 
before splenectomy, but seven months after the lemoval of the spleen 
the number fell to 110 Lowinger®^ studied the mariow^ of 6 patients 
wutli the disease and found that the piopoition of immature red blood 
cells was greatly increased In none of his studies did he observe any 
megaloblasts m the marrow of these patients 

The intensive stimulus to blood regeneration m hemolytic jaundice 
may lead to extramedullary myelopoiesis Gleave desci ibed the forma- 
tion of large masses of bone marrow along dorsal vertebral bodies in 
a 28 year old man who died after the operative removal of a 43 ounce 
(13 Kg ) spleen The masses, eight in all, lay behind the pleura and 
arose m the angle between the veitebral bodies and the ribs Tbe blood 

79 Bethell, F H , and Rottschaefer, G Interpretation of Macrocjdosis 
with Especial Reference to Developmental Abnormalities of Red Blood Cell and 
to Hypoprotememia Preliminary Report, Univ Hosp Bull , Ann Arbor 2 65, 
1936 

80 Krumbhaar, E B Hemolytic Jaundice — Spherocytic Icterus, JAMA 
107 1739 (Nov 21) 1936 

81 Totterman, G Bone Marrow in Hemolytic Jaundice and Contribution to 
Question of Nature of Megaloblasts, Finska lak -sallsk handl 79 686, 1936 

82 Lowmger, S Das Bild des Knochenmarkes bei der konstitutionelleii 
hamolytischen Anamie (Ikterus Haemolyticus), Folia haemat 54 27, 1935 

83 Gleave, H H Paravertebral Heterotopia of Bone Marrow in a Case 
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supply was the same as that of the vertebral bodies, suggesting a diiect 
extension of the mairow as a result of the intensive erythi oblastic 
activity 

Thompson summarized the experience of the splenic disease clinic 
of the Presbyterian Hospital of New York with 45 patients The 
symptoms of typical hemolytic jaundice weie promptly, completely and 
peimanently relieved by splenectom)’-, while those of the atypical foinis 
weie not The hemolytic tendency m patients with spherocytosis maj 
lemain latent, first appearing at intervals from the age of 6 weeks to 
58 years When the disease was once active, spontaneous remission did 
not occur The inverse relation was pointed out in man and animals 
between the mean diametei of the red blood cells and the strength of 
the solution of sodium chloiide m which hemolysis begins 

ANEMIA ASSOCIATED WITH CANCER 

The blood picture associated with cancel is not pathognomonic, noi 
does it give any information as to the site of the lesion oi the extent 
of the malignant process If anemia is present it may be either micro- 
cytic or macrocytic, and the color index may be low or high There is 
usually leukocytosis Mogensen studied the blood of 75 patients with 
cancer of the stomach Thirty-one per cent of the patients had no 
anemia For the entire group the average hemoglobin value was 72 8 
per cent For those with anemia there appeared to be no relationship 
between the severity of the anemia and the age, sex or duration of 
the existence of the malignant growth Thus the presence or absence 
of anemia was claimed to be of no clinical value in the diagnosis of 
a malignant process 

On the other hand, the type of anemia piesent may confuse the 
clinical picture consideiably Waugh®® leported 2 cases of carcinoma 
of the bone marrow with resulting hemolytic anemia Kiser and Rose- 
nak also noted a hemolytic type of anemia in cases of carcinoma of 
the stomach with metastasis to the bone marrow The peripheral blood 
showed a diminution m the led cell count, with a coi responding deciease 
in the hemoglobin value Many immature red and white blood cells 
were observed in studies of stained blood films In these cases the 
fi agility of the red blood cells was normal, although m similai instances 

84 Thompson, W P Hemolytic Jaundice Its Diagnosis, Behavior and 
Treatment, a Review of Forty-Five Cases, JAMA 107 1776 (Nov 28) 1936 

85 Mogensen, E Anemia Associated with Cancer of Stomach, Hospitalstid 
79 85 (Jan 28) 1936 

86 Waugh, T R Hemolytic Anemia in Carcinomatosis of the Bone Marrow 
Am J M Sc 191 160, 1936 

87 Kiser, E F, and Rosenak, B D Myelophthisic Anemia in a Case of 
Carcinoma of the Stomach, J A M A 107 963 (Sept 19) 1936 
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it has been leported as inci eased Waugh suggested that the anemia is 
pioduced by a toxic substance Kiser and Rosenak expressed the belief 
that It may be a compensatory phenomenon or an evidence of irritation 
of the bone marrow 

The differential diagnosis between pernicious anemia and carcinoma 
of the stomach is most difficult when the latter is associated with macro- 
cytic anemia Silverman leported the case of a man who had been 
successfully treated for pernicious anemia for six yeais, and in whom 
caicmoma of the stomach then developed This was substantiated by 
autopsy A similar case was reported by van dei Sande Silverman 
said he thought that the association of these two diseases may be coin- 
cidental, and he suggested that changes m the p-a alter the gastric wall 
and allow the development of caicmoma There have been frequent 
references in the hteratuie suggesting that the macrocytic anemia asso- 
ciated with carcinoma of the stomach is the result of interference in 
the production of the intrinsic factoi in the stomach Goldhamer 
recently reported the absence of the intrinsic factoi in the gastric con- 
tents of a patient who had macrocytic anemia associated with linitis 
plastica The anemia was eliminated after the oral administration of 
desiccated stomach Hulbert®** leported a case of adenocarcinoma of 
the stomach associated with hyperchiomic anemia in which there was 
no lesponse either to liver or to iron 

Sugiura and Benedict studied the effect of an anemia-producing 
diet on the growth of carcinoma, saicoma and melanoma in animals 
They concluded that the anemia per se did not affect the growth of 
tumors but that the rate of growth of the malignant process was 
dependent on the nutritive state of the animals The rate of growth 
of tumors in animals on an inadequate diet and in a pool nutritive 
state was greatly retarded 

CHANGES IN THE BLOOD ASSOCIATED WITH INFECTION 

The importance of cytoplasmic and nucleai changes which occui 
111 the neutrophils in severe infectious states was emphasized by Men- 
dell, Meranze and Meranze In their opinion the presence of toxic 

88 Goldhamer, S M Linitis Plastica — the Absence of the Intrinsic Factor 
.n the Gastric Contents, read at the meeting of the Michigan Academj^ of Letters, 
Science and Arts, March 1937 

89 Hulbert, N G Adenocarcinoma of the Stomach and Hj'perchromic 
Anaemia, Lancet 2 74 (July 11) 1936 

90 Sugiura, K, and Benedict, S R The Effect of an Anemia-Producing 
Diet on the Growth of Carcinoma, Sarcoma and Alelanoma in Animals, Am J 
Cancer 26 115, 1936 

91 Mendell, T H , Meranze, D R , and Meranze, T Comparative Study 
of Cytoplasmic and Nuclear Changes m Neutrophils in Severe Infectious States, 
Am J M Sc 192 316, 1936 
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gianiiles in the cytoplasm of the neutrophils, the \acuolation of the 
cytoplasm and the presence of bluish aieas in the cytoplasm aie a more 
leliable and accurate guide of the severity and piognosis of an infection 
than changes noted in the nuclei The cytoplasmic changes appear to 
occui earlier in severe infections and last longer than the nuclear 
changes As a substitute for the Schilling index the authors suggested 
the degenerative index — an equation with the number of degenerated 
neutiophils as the numeiator and the total number of neutrophils as the 
denominator The seventy of the infection is thought to be mild, moder- 
ate, severe or grave if the number of neutrophils with cytoplasmic 
changes is 25, 50 or 75 per cent or more, lespectively 

Gibson leported a case of acute hemolytic anemia, similai to 
Lederer’s, in which the disease was due to dental sepsis Studies of 
the blood were made by Goodrich and Smith for patients with coro- 
nary occlusion The average white blood cell count was from 13,000 
to 18,000 per cubic millimetei The highest leukocyte counts occmred 
m the fatal cases Eosinophils were absent during the active process 
and present during convalescence In the opinion of these authors the 
Schilling count may be used as an index for the prognosis 

In patients with peptic ulcer Ugelli noted lymphocytosis and 
eosinophilia He interpreted these findings not as being characteristic 
of ulcer but as an indication of the vagotonic constitution of the patient 
The blood pictuie was altered by the complication of infection or hem- 
orrhage which caused neutrophilia These changes disappeared aftei 
operation Totterman observed the presence of immature myeloid 
cells and associated leukocytosis in cases of severe polyarthritis and 
pneumonia 

ANEMIA ASSOCIATED WITH ENDOCRINE DYSFUNCTION 

The blood picture associated with thyroid dyscrasias has long been 
a subject of controversy Many authors have observed a macrocytic 
anemia in conjunction with myxedema, while others have reported a 
microcytic anemia The anemia may be directly related to the dysfunc- 
tion of the thyroid gland, or it may exist as an independent condition 
Holb^ll leviewed a series of 28 cases of myxedema All the patients 

92 Gibson, P C A Case of Acute Febrile Anaemia Due to Dental Seosis 

Lancet 1 994 (May 2) 1936 ’ 

93 Goodrich, B E, and Smith, F J Nonfilament Leukocyte Count After 
Coronary Artery Occlusion, Am Heart J 11 581, 1936 
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^^ere women Their ages langed from 35 to 64 }eais The average 
duration of their S)miptoms was six yeais Thirteen of the patients 
had hemoglobin levels below 70 pei cent, and m 7 the range was between 
70 and 79 pei cent The color index was normal or slightly less than 
normal m all instances Eosinophilia was nevei observed Lympho- 
c}d:osis was usually present, the average number of lymphocytes being 
50 per cent and the highest value observed 62 per cent With the 
administration of thyioid the lymphocytes deci eased m number Holb^^ll 
noted also that the anemia associated with myxedema was most satis- 
factoiily influenced by thyroid medication or by a combination of thyroid 
and iron This observation was substantiated by the expeiiments of 
Bisgard and Shaipe®" They thyroidectomized 32 rats, producing myx- 
edema and associated macrocytic anemia The anemia could not be 
eliminated with either liver extract or non but readily lesponded to 
thyroid medication 

Zondek and Kaatz noted an increase in the numbei of platelets 
m the circulating blood after the use of thyroid pieparations The 
increase occuiied within from twenty-four to forty-eight houis and 
disappeared m seventy-two hours The thyiotropic hormone of the 
pituitary gland was observed to have the same efl:ect, but its action was 
more protracted Epinephrine had a vaiiable influence on the platelets 
In some instances the number of platelets was increased, in others it 
was decreased 

HYPOCHROMIC AND MICROCYTIC ANEMIA OF THE IRON 

DEFICIENCY TYPE 

Significant advances m the study of the defective formation of 
blood associated with a disturbed metabolism of iron have during the 
past year pursued three lines of inquiry investigations concerning 
the absorption, storage and utilization of iron m expeiimental anemia, 
observations of the changes in the blood following gastric operations in 
man and in animals, and consideration of the factors involved in the 
lowering of blood values during pregnancy The relationship of anemia 
to, pregnancy will be discussed under a separate heading 

Whipple and Robscheit-Robbms,®*’ continuing then work on dogs 
subjected to prolonged repeated loss of blood, found that iron given 

97 Bisgard, J D , and Sharpe, J C Relation of Thyroid Gland to 
Hematopoiesis, J A M A 108 589 (Feb 13) 1937 

98 Zondek, H , and Kaatz Hormonal Regulation of Number of Blood Platelets 
in Blood, Bnt M J 2 387 (Aug 22) 1936 

99 Whipple, G H , and Robscheit-Robbins, F S Iron and Its Utilization in 
Experimental Anemia, Am J M Sc 191 11, 1936 
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intiavenously to anemic and iron-depleted animals was leturiied quan- 
titatively as newly foimed hemoglobin on the basis of 10 mg of iron 
to 3 Gm of hemoglobin, regardless, within limits of toleiince, of the 
quantity of iron injected When non was given by mouth to these 
standaid anemic dogs the effect on the production of hemoglobin was 
not propoitional to the dose administeied, the maximum utilization of 
iron being 35 pei cent of an optimal dose of 40 mg dail}'’ foi two 
weeks They found that a whole livei supplement to inorganic iron 
given by mouth produced a summation effect which could not be 
accounted foi solely by the iron content of the liver However, of 
especial interest is their obseivation that no such summation effect 
followed the feeding of liver concvniently with the intravenous admin- 
istration of non Appal ently the stimulus to ei ylhi opoiesis occasioned 
by the presence of lelatively laige amounts of iron in the circulating 
blood was maximal and therefore could not be augmented by the usually 
omnipotent liver The importance of this conclusion lies in its intima- 
tion that liver in the tieatment of the anemia of chionic hemorrhage 
supplies no deficiency but that its effectiveness in supplementing iron 
depends on promotion of the absorption or utilization of the metal 

Whipple and Robscheit-Robbins found no diffeience in the effective- 
ness of iron given by mouth whethei in the ferrous, feme or reduced 
state The formation of an Eck fistula oi removal of the spleen reduced 
the utilization of iron given by vein 

Although the work of these investigators on standard anemic dogs 
advances materially the understanding of the metabolism of iron, the 
direct application of their findings to clinical practice is hazardous As 
they pointed out, the apparently superior results gained from the intra- 
venous over the oral administration of iron in their experiments does 
not justify the adoption of this route in the treatment of patients Iron 
by vein is decidedly toxic, and, moreover, one is not greatly concerned 
with a maximal percentage of utilization of therapeutic preparations of 
lion A daily conversion of 25 oi 30 mg of iron into hemoglobin is 
optimal, although one may give fiom five to fifty times this amount 

The uniform effectiveness of iron, regardless of its chemical state, 

IS presumably dependent on i eduction to the ferrous form by a normally 
functioning stomach possessed by dogs made anemic by bleeding but 
not by those patients who present the more difficult therapeutic prob- 
lems Furth and ScholH”® determined the absorption of ferrous and ^ 
ferric compounds from ligated loops of rabbits’ intestines The range 
of percentage of absorption of the ferrous preparations was from 76 to 

^ 100 Furth, O , and Scholl, R Absorption of Ferrous and Ferric Compounds 
irom the Intestines of Rabbits, J Pharmacol & Exper Therap 58 14, 1936 
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39 7, the absorption of ferric compounds, fiom 30 5 to 19 8 Absorption 
of ferrous iron was decidedly impaired by an acid reaction of the 
intestinal contents 

Iron in the animal econom)' appears to play three distinct ph} siologic 
idles That contained in hemoglobin normally constitutes the gieatest 
poition and is concerned with the tiansference of oxygen, that pos- 
sessed by the parenchyma cells and by hemoglobin in the muscle is 
lequired for local cell metabolism, and that stored in the liver, spleen 
and elsewhere foims an inactive reseive to be used primarily in the 
replacement of hemoglobin m the blood stream Hahn and Whipple 
found m the case of their standard anemic dogs that there was a lapid 
turnover of non in the tissues After iron supplements were fed for 
short periods, no storage of the metal was found in the liver, the 
absorbed non was foimed almost immediately into hemoglobin Even 
after longer experiments only small amounts of iron were stoied so 
long as there w'as a need for hemoglobin Iron given by vein was stored 
to a large extent in the liver and spleen The iron contained within 
parenchyma cells and hemoglobin of the muscles is not drawn on, no 
matter how^ severe the anemia Moreover, the intravenous administra- 
tion of iron results m no surplus stoiage in this tissue 

Schultze, Elvehjem and Hait^®- found that rats made severely ane- 
mic by a diet deficient m iron and copper had depleted stores of copper 
The feeding of iron and copper for seven days caused only a 5 per cent 
letention of copper, although maximum hemoglobin formation occurred 
Similar experiments on pigs revealed that a deficiency of iron but not 
of copper could be corrected with iron alone When both iron and 
copper were deficient, both were required for cure of the anemia, but 
there was no apparent storage of the copper in the bone mariow In 
a subsequent paper the same authois reported that the copper content 
of the blood of pigs suffering from nutritional anemia due to iron and 
copper deficiency falls to extremely low levels Apparently a minimum 
copper level of the blood is required for rapid continued erythropoiesis 
to take place 

Investigation of the changes in the blood produced experimentally 
by operations on the digestive tract have been carried out by Kellogg, 

101 Hahn, P F , and Whipple, G H Iron Metabolism Its Absorption, 
Storage and Utilization in Experimental Anemia, Am J M Sc 191 24, 1936 
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Mettier and Pur\iance Working with dogs, they combined the exper- 
imental methods of Whipple, based on repeated bleeding and standaid 
diets, with gastrectomy They found that aftei removal of the stomach 
the capacity to produce hemoglobin on a beef-supplemented diet was 
greatly reduced Alt found that resection of 40 per cent of the small 
intestine of rats produced no anemia When, however, 80 per cent 
was remoied, anemia, usually hypochromic, developed, which he attrib- 
uted chiefly to impaiied absorption of iron A further report on the 
effects of gastrectomy in the rat has been made by Bussabarger and 
Jung®^ After removal of the stomach, nutrition was seiiously impaired, 
and severe miciocytic hypochromic anemia developed Iron by mouth 
or by injection had a beneficial effect on the anemia, whereas liver 
extract and vitamins, among other substances, were of no ralue 

One hundred and twenty patients with achylic chloranemia and 200 
patients with pernicious anemia were considered by Fleischhacker and 
Khma with reference to a previous history of gastro-intestmal opera- 
tions In 18 of those with achylic chloranemia, anemia developed after 
operation, all were women Nine patients, 4 of them men, acquired 
pernicious anemia after operation These authors stated the opinion 
that a mere diminution in the size of the stomach by surgical remo^al 
IS not a sufficient cause for anemia One of their patients had poly- 
cythemia after almost total resection of the stomach Frequently secon- 
dary changes occur at the site of the opeiation, and in their opinion 
these are the principal causes of the anemia 

Approaching the problem from the converse aspect, Lublin 
studied the blood of 46 patients who returned to the clinic for various 
complaints other than hemorrhage after either gastro-enterostomy, with 
or without exclusion of the pylorus, or a Billroth II operation Sixty- 
nine per cent of these patients had hypochromic anemia Lowered blood 
values were especially prevalent among those who had had a Billroth II 
operation oi an operation for exclusion of the pylorus Females were 
predominantly affected Although achlorhydria or hypochlorhydna was 
usually present in these cases of anemia, 4 patients secreted a normal 
amount of hydrochloric acid Postoperative intestinal disturbances bore 
no relation to the occuirence of anemia Lublin claimed that the causes 

104 Kellogg, F , Mettier, S R , and Purviance, K Studies on Hypochromic 
Anemia in Dogs Evaluation of Standard Bread Diet and of Meat Diet on 
Formation^of Hemoglobin Before and After Gastrectomy, J Clin Investigation 

105 Alt, H L Extensive Resection of Small Intestine in Rat with Special 
Reference to Anemia, Am J Digest Dis & Nutrition 3 169, 1936 

106 Fleischhacker, H, and Khma, R Ueber Anamien nach Magen- und 
Darmoperationen, Ztschr f klin Med 129 227, 1935 

107 Dublin, H On Anemia Following Gastric Operations, Am J Digest 

Dis & NutriUon 3 8, 1936 ^ 
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of this type of anemia are to be found chiefly in the stomach, duodenum, 
In er and perhaps pancreas 

Additional evidence of the role of the normally functioning stomach 
m the absorption of iron is afforded by the work of Kellogg and Met- 
tier They found tliat food iron was not utilized for hemoglobin 
regeneiation by patients treated for peptic ulcer with an alkaline regimen 
The hemoglobin value increased after discontinuance of the alkali 
Their observations are of more theoretical than practical impoitance, 
since medicinal iron in suitable doses is effectively utilized m spite of 
alkali therapy Schi^dt repoited the results of tieatment m Meulen- 
gracht’s clinic for patients with peptic ulcer complicated by hemorrhage 
Those treated even from the first day of hemorrhage with a general 
diet consisting of strained food, and ferrous lactate, 0 5 Gm three times 
a day, showed a gam in the blood count, especially the color index, and 
in general well being much more rapidly than those who leceived a 
progressive Sippy type of treatment with the same quantity of medic- 
inal iron He did not mention the use of alkali 

Ahlbom questioned 150 women with squamous cell carcinoma of 
the mouth, pharynx or esophagus concerning previous signs of simple 
achlorhydric anemia and the Plummer- Vinson syndrome Seventy per 
cent gave affiimative replies He suggested that these conditions may 
be precancerous Rasmussen found a 12 per cent incidence of hypo- 
chromic anemia among 460 patients with pulmonary tuberculosis, 60 
per cent of these were cured of anemia by iron therapy There was 
no evidence that the tuberculous process m itself had a deleterious 
effect on erythropoiesis In some instances theie appeared to be a 
lelationship between anemia and intestinal tuberculosis 

No recent advances of importance have been made in the treatment 
of anemia due to iron deficiency The subject has been considered 
by Witts,^^“ Strauss,^® Bloedorn and Lucas and Henderson In 

108 Kellogg, F , and Mettier, S R Effect of Alkaline Therapy for Peptic 
Ulcer on Utilization of Dietary Iron in Regeneration of Hemoglobin, Arch Int 
Med 58 278 (Aug) 1936 

109 Schi^dt, E Blood Regeneration in Patients with Hematemesis or Helena 
from Peptic Ulcer, Treated with Usual Ulcer Cure and with Meulengracht 
Treatment, Am J M Sc 192 163, 1936 

110 Ahlbom, H E Simple Achlorhydric Anaemia, Plummer- Vinson 
S}mdrome, and Carcinoma of the Mouth, Pharynx, and Oesophagus in Women 
Observations at Radiumhemmet, Stockholm, Brit M J 2 331 (Aug IS) 1936 

111 Rasmussen, H Anemia in Patients with Pulmonary Tuberculosis, Norsk 
mag f Isegevidensk 97 1125, 1936 

112 Witts, L J Therapeutic Action of Iron, Lancet 1 1 (Jan 4) 1936 

113 Bloedorn, W A Role of Iron in Treatment of Anemia, Minnesota 
Med 19 5, 1936 

114 Lucas, G H W, and Henderson, V E On Administration of Iron, 
Canad M A J 34 S3, 1936 
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general, theie has been a trend toward the use of the more stable feirous 
prepaiations given in divided doses to supply approximately 160 mg 
of metallic iron daily Patek has presented clinical evidence of the 
beneficial effect of chlorophyll and its deiivatives as supplements to 
inorganic iron In his opinion these pigments, preformed, can be used 
by the body m the production of erythrocytes 

Nutritional anemia m infancy is generally regarded pnmarily as 
an iron deficiency state The clinical studies of Paxton and of Guest 
and Brown have added further support to this view and have 
increased the weight of evidence against the therapeutic value of copper 
Continuing their work on the non and copper content of human blood, 
Sachs, Levine and Fabian found in the blood of 6 new-born infants 
an average iron content of 51 79 mg per hundred cubic centimeteis 
and an average hemoglobin value of 15 45 Gm per hundred cubic centi- 
meters Seventy-one children, varying in age from 1I4 months to 15 
years, showed an aveiage of 40 51 mg of iron and 12 09 Gm of hemo- 
globin per hundred cubic centimeters As in the case of adults, the 
authois found that copper and iron maintain a reciprocal relationship 
in the blood of noimal children 

Orten, Smith and Mendel found polycythemia and concurrent 
hemoglobin deficiency m young rats fed a mineral-deficient ration The 
changes, they claimed, were due chiefly, if not entirely, to a lack of 
calcium and iron They suggested that calcium may favorably affect 
the econom}^ of iron in metabolism 

A comprehensive review of the subject of anemia in infancy and 
early childhood has been published by Josephs 

ANEMIA OF PREGNANCY 

In the study of anemia associated with pregnancy, inci easing lecog- 
nition has been given to the multiplicity of factors involved m the 

115 Patek, A J , Jr Chlorophyll and Regeneration of the Blood Effect 
of Administration of Chlorophyll Derivatives to Patients with Chronic Hypo- 
chromic Anemia, Arch Int Med 57 73 (Jan ) 1936 

116 Paxton, W T W Nutritional Anaemia in Infancy and Childliood, 
Glasgow M J 125 1S3, 1936 

117 Guest, G M, and Brown, E W Erythrocytes and Hemoglobin of 
the Blood in Infancy and in Childhood Size and Hemoglobin Content of 
Erythrocytes in Nutritional Anemia, Am J Dis Child 52 616 (Sept) 1936 

118 Sachs, A , Levine, V E , and Fabian, A A Copper and Iron in Human 
Blood Normal Children, Arch Int Med 58 523 (Sept ) 1936 

119 Orten, J M , Smith, A H, and Mendel, L B Relation of Calcium 
and of Iron to Erythrocyte and Hemoglobin Content of Blood of Rats Con- 
suming Mineral Deficient Ration, J Nutrition 12 373, 1936 

« ^ ^ Childhood, Medicine 

15 307, 1936 
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lowering of the blood values duiing gestation Feldman, van Donk Steen- 
bock and Schneiders detei mined the hemoglobin value, cell volume 
and refractive index of the blood of 20 pregnant women and found 
evidence of hydremia regularl}^ The maximum changes occuiied at 
about the two hundred and twentieth day of gestation On the othei 
hand, there weie few oi no signs of blood dilution among 40 pregnant 
cows 

Boycott found that of 222 pregnant women attending the Univei- 
sity College Hospital, London, 22 per cent had hemoglobin values below 
11 Gm per hundred cubic centimeters He agreed with earlier inves- 
tigators that the increased volume of plasma may produce an apparent 
anemia and that the effects of hydremia may coexist with true hypo- 
chromic anemia The common anemia of pregnancy, he found, responded 
well to adequate iron therapy In New Zealand a 14 per cent incidence 
during pregnancy of hemoglobin values below 10 28 Gm per hundred 
cubic centimeters was reported by McGeorge He considered that 
lowered gastric acidity is the principal factor m the etiology of hypo- 
chromic anemia of pregnant women, dietary iron is important and con- 
tributory causes are diets low in protein and green vegetables and the 
added demand for iron occasioned by the gravid state Corrigan and 
Strauss studied 200 women during the last four months of pregnancy 
Alternate patients were given 0 5 Gm of ferrous sulfate daily The 
others received placebos Of the 100 women taking iron, none had a 
hemoglobin value of less than 10 9 Gm per hundred cubic centimeteis 
after delwery, of those not receiving iron, 24 had post partum a value 
of less than 10 9 Gm They concluded that hypochromic anemia in 
pregnancy ma)'^ be largely prevented by the routine administration of 
iron, especially in the later months of gestation 

Adair, Dieckmann and Grant calculated the effect of hydremia 
and gave average and minimum normal blood values which may be 
expected during pregnancy Their incidence of anemia was 116 per 
cent, predominantly of the hypochromic and microcytic type Iron ther- 
apy was not always effective, and transfusions were frequently found 
of value They suggested that a dietaiy deficiency other than a lack 

121 Feldman, H , van Donk, E C , Steenbock, H , and Schneiders, E F 
Hj’dremia as Factor m Anemia of Pregnancy, Am J Physiol 115 69, 1936 

122 Boycott, J A Anaemia in Pregnancy, Lancet 1 1165 (May 23) 1936 

123 McGeorge, M Anaemia m Gynaecological and Obstetric Practice in 
New Zealand, J Obst & Gynaec Brit Emp 42 1027, 1935 

124 Corrigan, J C , and Strauss, M B Prevention of Hypochromic Anemia 
m Pregnancy, JAMA 106 1088 (March 28) 1936 

125 Adair, F L , Dieckmann, W J , and Grant, K Anemia m Pregnancv, 
Am J Obst & Gynec 32 560, 1936 
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of iron may be opeiative in these cases Ste\enson analyzed 90 cases 
of anemia of piegnanc}’^ and described 60 as cases of hypochromic 
anemia and 30 as cases of “pernicious anemia of piegnancy ” The lattei 
differed from cases of typical peinicious anemia, and she attributed 
them to dietary defects It should be noted that the high incidence 
of this form of anemia indicates that it was not the type commonly 
designated as pernicious anemia of pregnancy 

Studies of the blood of 66 pregnant women have been repoited by 
BethelP-’^ Although apparently healthy, 70 per cent of the subjects 
had blood values too low to be accounted foi leasonably by the increased 
volume of plasma alone Twenty-eight patients had hypochromic and 
microcytic anemia By calculating the amount of iron requited by the 
fetus and subtracting that saved by the absence of menstruation, it was 
shown that the net loss of non suffered by the pregnant woman was 
no greater than that occasioned by serving as donor for a moderate- 
sized blood transfusion Data were presented which demonstrated no 
correlation between the capacity of the stomach to secrete hydrochloric 
acid and the level of the blood count, thus suggesting that the temporary 
1 eduction of the gastric aciditj was not a direct cause of lowered blood 
values m pregnancy The development of hypochromic anemia during 
pregnancy was attributed to preexisting iron depletion, and it was sug- 
gested that a Jack of iron may be recognized before the development 
of actual anemia by the presence of a lowered color index or of led 
blood cells of less than normal size In such cases the administration 
of iron was lecommended A contrasting type of anemia occurred in 18 
of the subjects, characterized by a normal color index and by erythro- 
cytes of normal or increased size The albumin content of the serum 
of these patients was abnormally low, and it was suggested that the 
anemia was caused by an inadequate intake of protein of high biologic 
value Supplementing the dietary protein led to correction of the anemia 

Furthei emphasis of the relative unimpoitance of pregnancy as 
a cause of iron deficiency, except in cases of gross postpartum hemor- 
rhage, has been provided by the work of Fullerton He found hypo- 
chromic anemia prevalent among a group of 1,534 women of the pooler 
classes of Aberdeen, Scotland The incidence and severity of the anemia 
increased with the age of the subjects until the menopause but bore no 
1 elation to the number of pregnancies He attributed the anemia to 

126 Stevenson, M Investigation of Anaemias of Pregnancy and Puernerium 

J State Med 44*467, 1936 ’ 

127 Bethell, F H Blood Changes in Normal Pregnancy and Their Relation 
to Iron and Protein Supplied by Diet, JAMA 107 564 (Aug 22) 1936 

128 Fullerton, H W Anaemia in Poor Class Women, v^ith Special Ref- 
erence to Pregnancy and Menstruation, Brit M J 2 523 (Sept 12) 1936, Hypo- 
chromic Anaemias of Pregnancy and Puerpenum, ibid 2 577 (Sept 19) 1936 
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a diet low in non, averaging foi this gioup a daily intake of 7 71 mg 
of the metal, and to the loss of iron thioughout reproductive life He 
concluded 

Menstruation constitutes an iron loss at least as great as that due to pregnancy 
and lactation even in women of the poorer classes the transference of 

iron from the mother to the uterus and its contents is compensated wholly or to 
a large extent by dietary iron In cases where this demand exceeds the retention 
of dietary iron the degree of maternal iron deficiency which results is only slight 
Where hypochromic anemia m pregnancy is marked, anemia has probably existed 
before flip pregnancy, but has been made more apparent by physiological 
hydremia 

The incidence of symptoms of toxemia of pregnancy was i elated 
to the presence of hypochromic anemia in a series of cases reported by 
Moore and Williams Only 1 of 35 patients treated with iron showed 
symptoms of toxemia, whereas symptoms of a mild to a moderate degree 
of toxemia were noted in 6 of 34 untreated patients However, it has 
been the experience of most observers that no obvious i elationship exists 
between the common foims of anemia in pregnancy and the occurrence 
of toxemia It seems more probable that the larer grave anemias of 
piegnanc)'’ may have their origin in toxemia 

Daniachi reported 6 cases of severe anemia not characterized by 
hypochromia The bone marrow in these cases revealed either megalo- 
blastic or normoblastic hyperplasia The author claimed that aside from 
pernicious anemia of piegnancy, these anemias are of widely different 
types They are all closely associated with toxemia, and their outcome 
depends on the result of the underlying toxic condition Adequate 
prepartal care, he maintained, is the best proph3daxis of these severe 
anemias 

Heilbrun’-®^ reported a case of pernicious anemia of pregnancy in 
which studies of the bone marrow revealed megaloblastic hyperplasia 
After remission had been induced by the parenteral administration of 
liver extract, the marrow picture returned to normal 

DEFINITE DISEASE ENTITIES OF THE BLOOD 
POLYCYTHEMIA 

A patient who showed well marked symptoms of polycythemia foi 
fifteen years is reported on by Welbourn There were no marked 

129 Moore, J, and Williams, E M P Anaemia and Toxaemia of Pregnanc\, 
Brit M J 2 528 (Sept 12) 1936 

130 Daniachi, M A Blutbildung und klimscher Verlauf der Graviditats- 
anamien, Monatschr f Geburtsh u Gynak 100 328, 1935 

131 Heilbrun, N State of Sternal Bone Marrow in Case of Macrocytic 
(Pernicious) Anemia of Pregnancy, JAMA 107 27 (July 4) 1936 

132 Welbourn, M A Polycythemia Vera Report of an Unusual Case, m 
Medical Papers Dedicated to H A Christian, Physician and Teacher, in Honor of 
His Sixtieth Birthdaj", Baltimore, Waverly Press, Inc , 1936, p 632 
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remissions, either spontaneous or induced, and no sigiiificant changes 
m the vascular system were noted 

Dustin has added another case of polycythemia in which anemia 
developed to those previously described by otheis The red blood cell 
count was 6,840,000 pei cubic millimetei originally No splenic enlarge- 
ment was noted During the course of two years a led blood cell count 
of 2,300,000 per cubic millimeter was reached, with a color index of 
0 56 Improvement followed the use of iron therapy (Intestinal hem- 
orrhage was piobably an important etiologic factor ) In a 20 yeai 
old woman with pulmonaiy aiteiiolar sclerosis, dilatation of the pulmo- 
nary artery and hypertrophy of the light ventricle, Dailey and Doan^®^ 
found a red blood cell count of 7,480,000 per cubic millimeter A 
ciiiious feature was the abnoimally high intake of salt (as much as 
3 pounds [1 3 Kg 1 in one week) to which the patient was accustomed 
Additional cases of polycythemia and duodenal ulcer are described 
by Kiaemer and Ashei Biweekly gastric lavage with solution of 
sodium bicarbonate foi thiee months did not influence the height of 
the red blood cell count (8,750,000 to 9,500,000 per cubic millimeter) 
Heizog^®" fed his polycythemic patients on diets containing only 0 7 
Gni of animal protein pei day He obtained improvement in the symp- 
toms within one week and reduction m the niimbei of led blood cells 
to normal m from two to nine weeks The cases included both the 
Geisbock and the Vaquez type of polycythemia After one or two 
months the intake of milk, fish and cheese was increased without harm 
Two women with an expanding intracranial lesion and polycythemia 
weie reported on by Baiker and Craig The volume of blood was 
normal, and splenomegaly was absent The red blood cell counts were 
9,160,000 and 6,560,000 pei cubic millimeter, lespectively 

Emile Weil studied a patient aged 56 yeais with a red blood cell 
count of 8,070,000 per cubic millimeter and with an enlarged spleen 

133 Dustin, P , Jr A propos d’un cas d’anemie apparue chez un ancien 
In perglobulique, Sang 10 517, 1936 

134 Darley, W , and Doan, C A Primary Pulmonary Arteriosclerosis with 
Polycythemia, Associated with the Chrome Ingestion of Abnormally Large Quan- 
tities of Sodium Chlond (Halophagia), Am J M Sc 191*633, 1936 

135 Kraemer, M , and Asher, M Association of Erythremia and Duodenal 
Ulcer, Am J M Sc 191 234, 1936 

136 Herzog, F Die Behandlung der Polyzythamie mit an tienschem 
Eiweiss sehr armer Diat, Deutsche med Wchnschr 62 960 (June 12) 1936 

137 Barker, N W, and Craig, W M Relative Polycythemia Associated 

with Hypophyseal and Diencephalic Lesions, Proc Staff Meet, Mayo Chn 11 
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Large doses ot x-ra\s o\er the spleen did not i educe the led blood cell 
count No impio\ement follo\\ed Iner or spleen theiapy The led blood 
cell count ^\as i educed to normal ^\lth phem Ih} clrazme, and latei the 
spleen was removed Pohc 3 themia letinned Roentgen therapy was 
gi\en over the bones Se^ele anemia with a leukemic blood picture 
follow’^ed (nucleated cells, 103 400 pei cubic millimeter) The histoi} in 
this case illustiates the mtenelationships ot pohcythemia, leukemia and 
iorms of anemia 

Liver extiact, and to a less extent desiccated hog stomach, pioducecl 
a temporal} fall in the number ot led blood cells in lats which had 
been made polyc}'themic by the administration of a milk diet supple- 
mented b} salts of cobalt, iron, coppei and manganese (MaishalL“”) 
The decrease (13 per cent) was maintained only until the administra- 
tion of liver extract was stopped, aftei which the polycythemia i etui ned 
Fresh whole liver caused a temporary increase m the erythrocyte count, 
but fresh lean meat produced no change Mai shall concluded that the 
liver produces a hormone wdnch exercises an inhibiting action on 
hematopoiesis 

That the gastric juice in polycythemia is iich m the “intrinsic factoi 
of Castle” was concluded b} Barath and Fulop,^*® aftei inducing i emis- 
sions m pernicious anemia by the rectal administration of a beef digest 
from the stomachs of polyc}themic patients The loss of gastric juice 
had a favorable but tempoiar} eftect on the polycythemic patients 

In fish, frogs, dogs and men asph} xia is followed by a slight inci ease 
111 the red blood cell count (Binet and Strumza^'*^) 

In 9 cases of polycythaemia vera Bowie found an average value 
for serum calcium of 113 mg per hundred cubic centimeteis The 
lalues weie reduced aftei treatment wuth phen} Ihydrazine hydro- 
chloride The total values foi plasma pioteins w^ere within normal limits 
(average, 6 68 Gm pei hundred cubic centimeteis) The average spe- 
cific gravit} of the serum was 1 025, but that of the whole blood was 
elevated to an average of 1 068 

The erythiocyte and leukocyte counts for rats made pol}cythemic 
with cobalt are deci eased by loentgen therapy, just as m the case of 

139 Marshall, L H Antianemic Treatment in Experimental Poljcythemia, 
Am J Phvsiol 114 194, 1935 

140 Barath, E , and Fulop, J Untersuchungen uber den pathogenetischen 
Zusammenhang von permzioser Anamie und splenomegaler Polycythamie, Ztschr 
t khn Med 129 172, 1935 

141 Binet, L , and Strumza, kl V La polyglobuhe asphyxique, son degre 
sa generahte. Sang 9 927, 1935 

142 Bowie, M A Polycythemia Vera A Study of the Relationship Between 
Serum Calcium and Total Proteins of the Serum, in Medical Papers Dedicated 
lo H A Christian, Physician and Teacher, in Honor of His Sixtieth Blrthda^ 
Baltimore, Waverh Press, Inc , 1936, p 626 
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normal rats De Savitsch and his co-workers found that cobalt did 
not enhance the regeneration of hematopoietic bone marrow after irra- 
diation but that shielded parts of the bones after irradiation showed 
compensatory hyperplasia gi eater than that in the controls 

Ii radiation of the body as a whole— “spi ay therap}”— was used 
by Hunter in 2 cases of pol} cythaemia vera and 1 case of Cooley’s 
erythroblastic anemia About 1,000 roentgens was given over several 
weeks Remissions lasting three years were noted 

PURPURA HAEMORRHAGICA 

The etiology of purpura is manifold, and as a result various types 
have been described The clinical value of the innumerable complex 
classifications is doubtful There are three factors which determine the 
degree of bleeding (a) the platelets, (h) the permeability of the capil- 
laries and (c) the plasma The reduction of the number of platelets 
IS ascribed to a dysfunction of the bone marrow with decreased forma- 
tion of platelets or to an increased destruction by the reticulo-endothelial 
system (primarily the spleen) 

Purpura may be congenital or acquired Sanford, Leslie and 
Crane described the case of an infant born with purpura Both the 
mother and the grandmother had a similar condition Three patients 
with purpura produced by Bacillus pertussis vaccine were observed by 
Kugelmass Toxic purpura complicating scarlet fever was noted by 
Morrish^^’’ In some instances purpura may be produced by drugs 
Falconer, Epstein and Wever described two types of purpura follow- 
ing the use of arsemcals In some instances the number of platelets is 
reduced, while in others there is damage to the capillaries Thrombo- 
penia following the use of sedormid (allyhsopropylacetylcarbamide) 

143 de Savitsch, E , Radford, M , Blocksom, B H , Perry, S P , and Tupikova, 
N The Effect of Roentgen Irradiation on Experimentally Produced Polycythemia 
in Rats with Special Reference to Blood and Bone Marrow, Am J Roentgenol 
35 786, 1936 

144 Hunter, F T "Spra> X-Ray Therapy” in Polycythemia Vera and in 
Erythroblastic Anemia, New England J Med 214 1123 (June 4) 1936 

145 Sanford, H N , Leslie, E I , and Crane, M M Congenital Thrombo- 
cytopenia, Am J Dis Child 51 1114 (May) 1936 

146 Kugelmass, I N Thrombocytopenic Purpura Induced by Pertussis 
Toxin in Allergic Children, JAMA 107 2120 (Dec 26) 1936 

147 Morrish, J E Toxic Purpura Haemorrhagica Complicating Scarlet 
Fever, Lancet 1 949 (April 25) 1936 

148 Falconer, E H , Epstein, N N , and Wever, G K Purpura Haemor- 
rhagica Following the Administration of Neoarsphenamine The Reaction to 
- eoarsphenamme Compared with the Reaction to Mapharsen, Arch Int Med 
58 495 (Sept) 1936 
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and phenobarbital has been desciibed by Boas and Often the 

etiology of purpura is not known Finochietto and his colleagues 
reported the association of exophthalmic goiter and purpura They 
were unable to explain the etiology of purpura, although in then opinion 
the thyroid dysfunction was not the causative factor Gtiggisberg 
described abnormal generalized bleeding complicated by pregnancy In 
his opinion piegnancy may impiove or exaceibate the existing purpuric 
condition 

The symptoms associated with purpura are varied, depending on the 
location and seventy of the hemorrhages, the etiology of the condition 
and any existing diseases which may be present A case of intussus- 
ception following intra-abdominal hemorrhage was observed by Gray 

In an effort to determine the etiology of thrombocytopenic purpura, 
Tocantins experimentally produced the condition in dogs and observed 
the cytologic and physical changes in the blood The animals were given 
injections of a prepared antiplatelet serum by various routes — intra- 
venous, intrapentoneal and subcutaneous With the first method the 
changes occurred most rapidly Thiombopenia developed within a few 
minutes and lasted for from forty-eight to seventy-two hours In from 
three to five days the numbei of platelets returned to normal, and it then 
exceeded the normal level for approximately fourteen days A peak 
was noted between the eighth and the twelfth day Macroplatelets 
appeared in three or four hours They varied greatly in shape, size and 
consistency Hemolysis occurred during the acute stage At first leuko- 
penia existed, with a reduction in the number of lymphocytes, monocytes 
and eosinophils This was followed by leukocytosis in which the poly- 
morphonuclear cells were greatly increased in number The bleeding time 
was markedly prolonged Tocantins concluded that there was a high 
correlation between the number of platelets and the degree of clot 
letraction and also a similar relationship between the clot retraction 
and the mean bleeding time In his opinion the permeability of the ves- 
sels, capillary and venous pressure, osmotic pressure, viscosity of the 

149 Boas, E P , and Erf, L A Thrombocytopenic Purpura Following 
Medication with Sedormid and with Phenobarbital, New York State J Med 
36 491 (April 1) 1936 

150 Finochietto, R , del Castillo, E B , and Parodi, A S Bocio exoftalmico 
y purpura hemorragica trombocitopenica, Semana med 2 1059 (Oct 15) 1936 

151 Guggisberg, H Die gynakologische und geburtshilfliche Bedeutung der 
essentiellen thrombopenischen Purpura, Helvet med acta 3 375, 1936 

152 Gray, T Henoch’s Purpura Causing Acute Obstruction Twice in Eight 
Days, Lancet 1 841 (April 11) 1936 

153 Tocantins, L LI Experimental Thrombopenic Purpura in the Dog, Arch 
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and Ph 3 "sical Changes m the Blood, Ann Int Med 9 838, 1936 



GOLDHAMER ET AL— BLOOD 


1081 


blood and tension of the tissues weie important factors in the determi- 
nation of the bleeding 

Since the etiology of puipura cannot always be detei mined, treat- 
ment frequently results in failure Many investigators have reported 
spectacular improvement after splenectomy Hedenius and Wilander 
suggested the use of small repeated amounts of heparin to prevent the 
postoperative formation of thrombi Khma’-°° observed satisfactory 
results with kephnne hydiochlonde when administered orall}'’ or intra- 
muscularly Riolo^®^ recommended increasing daily intravenous doses 
of epinephrine He stated that the diug regulates the functions of the 
spleen— more platelets are expelled, the lytic action is decreased, the tone 
of the capillaries is increased and the bone marrow is stimulated to 
produce more thrombocytes Phenylhydrazine was employed by Wall- 
gren Although the platelets weie inci eased in number with this ditig, 
there was an accompanying hemolysis He concluded, therefore, that 
this type of therapy should not be employed Clerc and his associates 
injected intravenously pure octyhc alcohol in small amounts into 10 
patients with purpura Although the coagulation time was shortened, 
there was little if any effect on the bleeding time The mode of action 
was obscure Lowenbuig and Gmsburg noted the return to normal 
of all blood values after induced hypercalcemia They advised the use 
of calcium gluconate to prevent the development of the toxic symptoms 
which are produced by parathyroid extiact 


154 Brown, D N , and Elliott, R H E The Results of Splenectomy m 
Thrombocytopenic Purpura Comparative Study of Ten Cases in Which Splen- 
ectomy Was Performed and Eleven Cases Treated by Conservative Methods, 
JAMA 107 1781 (Nov 28) 1936 Smith, G Splenectomy for Thrombo- 
cytopenic Purpura, Brit M J 1 157 (Jan 25) 1936 Wollstein, M, and 
Kreidel, K V Blood Picture After Splenectomy in Children, with Special 
Reference to Platelets, Am J Dis Child 51 765 (April) 1936 Curtis, G M , 
Doan, C A , and Wiseman, B K Splenectomy for Hemoclastic Crises, Ann 
Surg 104 892, 1936 

155 Hedenius, P , and Wilander, O Influence of Intravenous Injections of 
Heparin in Man on Time of Coagulation, Acta med Scandinav 88 443, 1936 

156 Klima, R Ueber ein neues Behandlungsverfahren bei thrombopemscher 
Purpura, Klin Wchnschr 15 935 (June 27) 1936 

157 Riolo, P Terapia splenocontrattile endovenosa di porpore emorragiche 

Riforma med 52 603 (May 2) 1936 ’ 


158 Wallgren, A Essais de traitement du purpura thrombopenique par la 
phenylhydrazine, Rev fran? de pediat 12 370, 1936 


159 Clerc, A , Sterne, J , Delamare, J , and Pans, R 
lants et hemostatiques de I’alcool octylique primaire au 
hemorragiques, Presse med 44 1681 (Oct 28) 1936 


Sur les effets coagu- 
cours des syndromes 


160 Lowenburg, H, and Gmsburg, T M Induced 
Possible Therapeutic Relation to Thrombocytopenic Purpura 
1779 (May 23) 1936 ’ 
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Roentgen therap}^ has been recommended b}^ Mettier and Stone 
and Rudisill Although they have noted improvement in many cases, 
they also have had many failuies Lorenz^®® has employed vitamin A 
to regulate splenic function This substance was given to 20 childien 
for two or three weeks In some the platelets increased in number, 
in others there was a decrease Similar results were observed in experi- 
ments on guinea-pigs Lorenz expressed the belief that the increase m 
the thrombocyte count is due to stimulation and the decrease to the 
effect on the regulating system of the spleen The reports concerning 
the value of vitamin C in thrombocytopenic purpura are variable 
Cotti observed both an increase and a decrease in the coagulation 
time in different patients Engelkes and Eufinger and Gaehtgens 
noted beneficial effects on the capillaries only but no changes in the 
number of platelets Wright and Lilienfeld reported failures with 
the use of cevitamic acid for purpura 

A prognostic venom test reaction for purpura has been devised by 
Peck, Rosenthal and Ei f One-tenth cubic centimeter of 1 3,000 
dilution of standardized moccasin venom is injected intracutaneously 
Saline solution is used as a control The presence of purpuric spots 
within one hour at the site of the injection of the snake venom, with no 
reaction in the control, is interpreted as a positive result of the test A 
delayed reaction may be noted within twelve hours when there is a 
diffusion of blood at the site of injection Tests are carried out before 
and during treatment When the test shows a negative result, improve- 
ment has been obtained The test is used to determine whether or not 
splenectomy is indicated One objection to this procedure is that in 

161 Mettier, S R , and Stone, R S The Effect of Roentgen Ray Irradia- 
tion on Platelet Production m Patients with Essential Thrombocytopenic Purpura 
Haemorrhagica, Am J M Sc 191 794, 1936 

162 Rudisill, H, Jr The Successful Treatment of Essential Thrombopenia 
with Hemorrhage by Roentgen Rays, JAMA 107 2119 (Dec 26) 1936 

163 Lorenz, E Influence of Vitamin A on Thrombocytes, Ztschr f Kinderh 
58 515, 1936 

164 Cotti, L Ulterior! ricerche “in vivo” sull’influenza della vitamina C 
sulla coagulazione del sangue, Haematologica 17 483, 1936 

165 Engelkes, H Treatment of Haemorrhagic Disorders with Vitamin C, 
Lancet 2 1285 (Dec 7) 1935 

166 Eufinger, H , and Gaehtgens, G Ueber die Emwirkung des Vitamin C 
auf das pathologisch veranderte weisse Blutbild, Klin Wchnschr 15 150 (Feb 1) 
1936 

167 Wright, I S , and Lilienfeld, A Pharmacologic and Therapeutic Prop- 
erties of Crystalline Vitamin C (Cevitamic Acid), with Special Reference to 
Its Effects on Capillary Fragility, Arch Int Med 57 241 (Feb ) 1936 

168 Peck, S M , Rosenthal, N , and Erf, L A The Value of the Prognostic 
Venom Reaction in Thrombocytopenic Purpura, JAMA 106 1783 (May 23) 
1936 
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an active state the injection of saline solution may cause damage to the 
capillaiies, with resulting bleeding 

The afoiementioned authors recommended also the use of snake 
venom foi tieatment The material is injected subcutaneously Cam- 
brook stated that hot snake venom when applied locally is of great 
value in dental surgery to control bleeding The value of the various 
types of therapy for puipura has been summarized by Tidy^'^'’ Since 
spontaneous cuie is not uncommon, a conservative attitude must be 
adopted conceining the value of the various theiapeutic agents lecom- 
mended 

HEMOPHILIA 

The clinical features by which the diagnosis of hemophilia ma} 
be established have been summarized by Eley The essential findings 
are its inheritance, the occuirence in males, a history of lepeated hem- 
orrhages, a prolonged clotting time and a normal bleeding time The 
disease is apparently transmitted according to the mendelian laws by 
the female Eley cited a case in which the malady appeared in a woman 
whose parents were members of families in which theie was hemophilia 

There is consideiable diveisity of opinion legardmg the nature of 
the blood elements conceined with the clotting mechanism Some inves- 
tigatois believe there is a slow dismtegiation of the blood platelets 
owing to a low thrombin and a high antithrombin content of the blood 
Recently it was demonstrated by Eagle that there is a delay in the 
foimation of thrombin 

The complications of hemophilia are usually the result of abnoimal 
bleeding into the various oigans and tissues of the body Hill and 
Brooks reported a case of Volkmann’s ischemic contractuie and 
gangrene of the fingers Thomas leviewed. a senes of 98 cases of 
hemophilia and pointed out that 78 5 per cent of the patients had some 
orthopedic involvement Approximately 60 per cent of the patients had 
permanent defoimities due to heraoiihages The occuiience of hemo- 


169 Cambrook, J D Snake Venom and Its Use in Dental Haemorrhage, 
Proc Roy Soc Med 29 281, 1936 

170 Tidy, H L Treatment of Haemorrhagic Diseases, Brit M T 1 850 
(April 25) 1936 


171 Eley, R C Hemophilia, Internal Chn 2 202, 1936 

172 Eagle, H Studies on Blood Coagulation The Role of Prothrombin 
and of Platelets in the Formation of Thrombin, J Gen Physiol 18 531, 1935, 
Studies on Blood Coagulation The Formation of Fibrin from Thrombin and 
Fibrinogen, ibid 18 547, 1935, Studies on Blood Coagulation The Nature of 
the Clotting Deficiency m Hemophilia, ibid 18 813, 1935 

173 Hill, R L, and Brooks, B Volkmann’s Ischemic Contracture in 
Hemophilia, Ann Surg 103 444, 1936 


174 Thomas, H B Some Orthopaedic Findings in Ninety-Eight 
Hemophilia, J Bone & Joint Surg 18 140, 1936 
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philic pseudotumors involving the smallei bones and joints has been 
described by Firor and Woodhall Priest cited a case in which 
there was epidural hemorrhage in association with hemophilia and com- 
mented on the fact that neurologic complications are rare 

At piesent no known specific therapy has been devised Some of 
the common agents employed aie whole blood, citrated blood, human 
plasma, human and animal serum, defibnnated blood, hemostatic prepg.- 
lations, fibrinogen and cephalin in suspension, calcium chloride, sodium 
citrate, piotem shock, liver and its derivatives, whole ovary and ovarian 
extracts and a special dietary regimen Recently, Timperley and his 
associates’-^" repoited excellent lesults in the control of hemorrhage 
with paienteial injections of an alcohol-acetone extract of egg white 
Tocantins noted similar results with the administration of anti- 
platelet seium 

BANTl’s DISEASE 

Banti’s disease was first described as a clinical entity in 1881 by the 
author whose name it beais The etiology was ascribed to an uniden- 
tified toxic substance which primarily affected the spleen and secondarily 
involved the liver The pathologic changes noted were sclerosis of the 
splenic vessels, atrophy of the malpighian corpuscles, induration of the 
pulp, sclerosis of the portal system and atrophic cirrhosis of the liver 
The cure was splenectomy 

The existence of the disease is questioned by many investigators, 
and some authors have stated that as a clinical entity it does not 
exist The pathologic changes which were thought by Banti to be spe- 
cific have been pioduced experimentally in animals by obstruction of 
the splenic and portal veins and have been demonstrated at autopsy 
to be secondary to hepatic disorders or, as R^ showed, the result 
of the formation of thrombi in the portal system 

175 Firor, W M , and Woodhall, B Hemophilic Pseudotumor Diagnosis, 
Pathology and Surgical Treatment of Hemophilic Lesions m Smaller Bones 
and Joints, Bull Johns Hopkins Hosp 59 237, 1936 

176 Priest, W M Epidural Haemorrhage Due to Haemophilia Causing 
Compression of Spinal Cord, Lancet 2 1289 (Dec 7) 1935 

177 Timperley, W A , Naish, A E, and Clark, G A A New Method of 
Treatment in Haemophilia, Lancet 2 1142 (Nov 14) 1936 

178 Tocantins, L M Effets de I’lnjection du serum antiplaquettes a trois 
sujets hemophiles et a un sujet normal Action de divers serums sur le sang “in 
vitro,” Sang 10 582, 1936 

179 (a) Banti’s Disease, Cabot Case 21341, New England J Med 213 373 

(Aug 22) 1935 (&) R^, J Stricture of Splenic Vein, Splenic Pylephle- 

bostenosis, Norsk mag f Ijegevidensk 97 603, 1936 (c) Rousselot, L M 

Role of Congestion (Portal Hypertension) in So-Called Banti’s Syndrome 
Clinical and Pathologic Study of Thirty-One Cases with Late Results Following 
Splenectomv, JAMA 107 1788 (Nov 28) 1936 
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Rousselot leviewed 31 cases of so-called Bantds disease, in each 
of which splenectomy was performed He leemphasized the fact that 
enlargement of the spleen was the most common finding, as it was 
present in every instance Other common symptoms weie weakness, 
pain, hemoirhage, tiiedness and gastro-intestinal complaints The patho- 
logic changes obseived were the same as those which others have 
described and in no way differed from those seen in chronic congestion 
of the spleen legardless of the etiolog)'- 

The anemia present may be macrocytic or microcytic Unquestion- 
ably microcytic anemia is due to chionic hemorrhage Macrocytic ane- 
mia IS probably the result of interfeience with hematopoiesis due to the 
failuie of the liver to store or present for utilization to the bone marrow 
the substance necessary foi the maturation of the led blood cells 
Archi stated that the increase in the diameter of the red blood cells 
IS not associated with all hepatic disorders but occurs only with those 
in which there is diffuse involvement of the entiie parenchyma of the 
liver In his opinion the blood picture is of no piognostic significance 
or diagnostic value 

For seveial years the accepted tieatment for Banti’s disease has 
been splenectomy A resume of the early reports is confusing, as in 
many of the cases repoited the condition does not fit into this syndrome 
Furthermore, the disease may run a course lasting several years, so 
that any conclusions concerning the benefits derived from this procedure 
must be guarded expiessed the opinion that splenectomy is of value 

Others ( Mai tin and Moore have also supported this view, 
despite the fact that their results have not always been satisfactory or 
convincing Because of the high mortality rate associated with splenec- 
tomy and the equally good results obtained with conservative measures, 
Goldhamei suggested that the lattei type of therapy is preferable 


Hodgkin’s disease, lymphogranuloma and related conditions 

Lesions of the bones may be demonstrated roentgenographically in 
fiom 10 to 15 pel cent of patients with Hodgkin’s disease In 3 patients 
Spencer and Dresser noted a single osseous lesion, which gave rise 
to the piedominating symptoms and simulated a primary bone tumor 


180 Archi, A Etudes actuelles sur I’anisocytose des erythrocytes et leurs 
applications au diagnostic des maladies du foie, Pans med 1 561 (June 13) 1936 

181 Martin, L C Banti s Syndrome in Childhood Report of Four Cases 
Arch Dis Childhood 11 233, 1936 


182 Moore, S W Portal Thrombosis Following Splenectomy for Splenic 
Anemia, Surg , Gynec & Obst 63 382, 1936 

183 Goldhamer, S M Splenectomy m Hematopoietic Disorders Preliminary 
Report, Univ Hosp Bull , Ann Arbor 2 20, 1936 

184 Spencer, J, and Dresser, R Lymphoblastoma (Hodgkin’s and Sarcoma 
Type) of Bone, mth Report of Three Cases S.mdatmg Primary Malignant 
iumor of Bone, New England J Med 214 877 (April 30) 1936 
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These authois^®^ noted 120 lesions of bones in 66 cases, as follows 
lumbar region of the spine, 18, doisal region, 8, cervical region, 3, 
femur, 19, skull, 11 , ribs, 11 , sternum, 9, clavicle, 4, tibia, 4, humerus, 
4 , scapula, 3 , os calcis, radius and maxilla, 1 each Striking symptomatic 
lelief, especially from pain, was obtained by loentgen therapy m small 
divided daily exposures of fiom 200 to 300 roentgens (measured in 
air) with total doses of from 600 to 1,200 roentgens per portal 

In Herscher’s case the major involvement was in the bone mar- 
low, without appaient involvement of lymph nodes The clinical course 
was acute, with death three months after the onset of the symptoms 
(weakness and backache) 

Pulmonary involvement in Hodgkin’s disease was noted in 37 6 pei 
cent of 29 patients in Falconer and Leonaid’s series Five of 7 
patients showed pleural effusion Pleural lesions were present in 3 
patients at autopsy 

Among the complications of lymphoblastoma which point the way 
to therapy, Desjardins, Habem and Watkins^®** enumerated fevei , 
pruritis, discrete oi diffuse infiltration of the skin, with or without 
pruritis, infiltration of the periocular tissues oi eyelids, with or with- 
out impairment of vision, erosion or necrosis of the sternum from 
enlaigmg mediastinal lymph nodes, pressure mjuiy of the recurrent 
laryngeal nerve, pleural effusion from mediastinal obstruction, ascites 
from enlarged mesenteric or retroperitoneal nodes, edema of the legs 
from pressuie on the inguinal or iliac nodes, infiltration of the testis, 
involvement of bone by diiect erosion or invasion of bone marrow, 
infiltration of the spinal canal, spinal cord or brain, and secondary infec- 
tion Desjardins and his associates warned against the use of maximal 
doses of x-rays and said they obtained satisfactory results with rays 
generated at 150 kilovolts (peak) instead of 200 kilovolts 

Certain differential features between Hodgkin’s disease, lymphosar- 
coma and aleukemic lymphadenosis were consideied in Held and Gold- 
bloom’s study of lymphadenopathy 

185 Dresser, R , and Spencer, J Hodgkin’s Disease and Allied Conditions of 
Bone, Am J Roentgenol 36 809, 1936 

186 Herscher, H Hodgkin’s Disease of Bone Marrow and Liver Without 
Apparent Involvement of Lymph Nodes, Am J Roentgenol 35 73, 1936 

187 Falconer, E H , and Leonard, M E Hodgkin’s Disease of the Lung, 
Am J M Sc 191 780, 1936 

188 Desjardins, A U , Habem, H C, and Watkins, C H Unusual Com- 
plications of Lymphoblastoma and Their Radiation Treatment, Am J Roentgenol 
36 169, 1936 

189 Held, I W , and Goldbloom, A A Adenopathy Discussion of Differen- 
tial Diagnosis Between Hodgkin’s Disease, Lj'mphosarcoma and Aleukemic 
Ljmphadenosis, Internat Clin 3 70, 1936 
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In studying patients with Hodgkin’s disease, Rosenthal found 
that those in whom there was a predominance of lymphocytes in the 
glands showed an aveiage duration of life after the onset of the disease 
of four and thirty-five hundredths years , those in whom the lympho- 
cytes were moderately reduced, two and twenty-nine hundiedths yeais, 
and those m whom the lymphocytes weie piactically absent, one and 
fourteen hundredths years A progressive disappeaiance of lympho- 
cytes charactei izes the disease, whether loentgen therapy is used or not 
In Raagaard’s series of 12 male and 7 female patients the aveiage 
duiation was about sixteen months (one to sixty-four months) He 
found that in a patient who had had the disease for six years repeated 
recurrences in the mediastinum were always alleviated by irradiation, 
which did not appear to decrease in effectiveness 

Watt,^®^ in a study of 201 cases of Hodgkin’s disease over a decade, 
recommended high voltage roentgen therapy spread over a period of 
from a week to a month Recrudescences are to be treated at the 
eaihest possible moment Pyrexia is usually associated with an active 
focus Arsenic should not be used for six weeks after roentgen therapy 
Periodic inspection of patients is advisable 

That syphilis may simulate Hodgkin’s disease clinically was noted 
by Clodfelter 

In Chevallier and Corse’s patient tuberculosis of the lymph nodes 
was fiist noted, but three yeais later Hodgkin’s disease had developed 
There was a good response to roentgen therapy In Funshteyn’s 
patient also there was a combination of the two diseases The patient 
leported on by Hernandez, Yiigoyen and Guastavino’s showed gen- 
eialized lymphogranulomatosis, with the lesions simulating tuberculosis 
of the lung, pleura and lymph nodes 

The localization of lymphogranuloma may give rise to specific symp- 
toms as well as cause confusion m diagnosis, as when nodules or cavity 

190 Rosenthal, S R Significance of Tissue Lymphocytes in Prognosis of 
Lymphogranulomatosis, Arch Path 21 628 (May) 1936 

191 Raagaard, 0 Nineteen Cases of Lymphogranulomatosis (Sternberg), 
Ugesk f Iseger 98 759 (Aug 13) 1936 

192 Watt, W L Hodgkin’s Disease and Deep X-Ray Therapy, Bnt M T 
2 712 (Oct 10) 1936 

193 Clodfelter, H M Syphilis Presenting Clinical Picture of Hodgkin’s 
Disease, Arch Dermat & Syph 33 535 (March) 1936 

194 Chevallier, P , and Corse, J Maladie de Hodgkin ayant commence 
par une adenopathie tuberculeuse du cou, Sang 10 894, 1936 

195 Funshteyn, L Lymphogranulomatose und Tuberkulose Khnische 
Untersuchung, Beitr z Klin d Tuberk 88 41, 1936 

196 Hernandez, I M , Yrigoyen, L, and Guastavino, C R Pseudo tuber- 
culosis gangho-pleuro-pulmonar por granulomatosis generalizada. Arch de tisiol 
12 21, 1936 
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formation appears m the lungs The bone lesions may be osteoclastic 
or osteoblastic and sclerosing, with periosteal osseous formations A new 
sign of unfavorable progress is a peculiar fan tiansparent complexion 
with red cheeks in a patient with multiple lymphomas Foi treatment, 
a single dose of from 100 to 200 roentgens is given eveiy day or every 
other day until from 1,000 to 1,400 roentgens have been given over the 
glands, lungs, spleen and bone lesions (Ebbehj^ij ) 

Lymphosarcoma, or Hodgkin’s disease, may first appear m the 
abdominal, mediastinal or inguinal nodes rather than primarily in the 
neck, with subsequent spread to other regions Symptoms of abdominal 
lymphomatosis are nausea, vomiting, increasing constipation and dis- 
tention with gas Pam may be in the back or sides or legs, with obstruc- 
tive edema Fever and pruritis are important symptoms Maximum 
doses of roentgen rays are to be avoided, and the highest kilovoltage 

15 not necessarily desirable Desjardins and Watkins recommended 
repeated tieatment at regular intervals of three or foui weeks, unless 
pronounced leukopenia contraindicates this course 

From a study of cases and reviews of published data Gmsburg 
was unable to find clearcut criteiia foi the absolute dififei entiation of 
Hodgkin’s disease and lymphosarcoma “Hodgkin’s disease,” he sum- 
marized, “varies in no fundamental clinical charactei istics from lympho- 
sarcoma Whatever clinical variations it may present at times are merely 
vaiiations that one may encounter in any disease affecting different 
individuals under different constitutional and environmental conditions ” 

Chapman,-®'’ on the other hand, on the basis of Gordon’s test, 
expressed the belief that Hodgkin’s disease is a separate clinical and 
pathologic entity, distinct from lymphosarcoma, reticulum cell sarcoma, 
giant follicular lymphoma and lymphoblastoma of undetermined types 
Gordon’s test, which consists of the intiacerebral injection into rabbits 
of a saline emulsion of Hodgkin’s tissue, and the observation for ataxia, 
spasm and paralysis, gave negative results in 64 of 65 controls In 9 of 

16 cases of Hodgkin’s disease at least 1 rabbit gave a positive reaction, 
although 1 or more rabbits failed to give a reaction in 5 of the 9 

197 Ebbehjtj, K Lymphogranulomatosis, Hospitalstid 79 253 (March 17) 
1936 

198 Desjardins, A U, and Watkins, C H Abdominal Lymphoblastoma 
and Its Treatment by Irradiation, South M J 29 344, 1936 

199 Gmsburg, S Lymphosarcoma and Hodgkin’s Disease Clinical Character- 
istics, Ann Int Med 10 337, 1936 

200 Chapman, Earle M Studies in Hodgkin’s Disease Clinical Application 
of the Gordon Test (a Syndrome of Ataxia, Spasm and Paralysis Induced m 
Rabbits bv the Intracerebral Injection of Emulsified Hodgkin’s Tissue), Ann 
Int Med 10 742, 1936 



GOLDHAMER ET AL— BLOOD 


1089 


The test then shows some specificity for Hodgkin’s disease but is not 
always collect in known cases 

Applying Goi don’s test, Goldstein"®^ obtained positive i espouses 
with mateiial from nine lymphogianulomatous nodes In the two tests 
which gave negative results, both in established cases of Hodgkin s 
disease, all inoculated animals remained free from the encephalitic 
syndrome All contiol groups (twenty, including five tuberculous 
glands and two from patients with infectious mononucleosis) gave nega- 
tive results 

Foi diagnosis Emile Weil, Isch-Wall and Perles used lymph 
gland puncture Endothelial elements and giant cells of Steinberg are 
diagnostic features In some types there is an increase in the number 
of monocytes oi eosinophils or massive infiltiation with polymoi phonu- 
clear cells In the advanced stages fibrous tissue predominates 

Sailei studied Hodgkin’s disease in a man aged 77 years and noted 
that the disease did not differ essentially from that in youngei patients 
Jorg summarized the general pathologic picture of Hodgkin’s 
disease and reviewed the recent literatuie on the subject 

Gordon’s test for Hodgkin’s disease gave positive results in 2 cases 
in Rosenbeig and Bloch’s series during early stages, but negative 
results m a case of chronic involvement of a yeai’s duration These 
authors described the technic and leviewed the literature on the subject 
When a positive result is obtained, the rabbits into which the gland 
emulsion has been injected intracerebrally show symptoms after an 
incubation period of from two to six days (maximum, sixteen days) 
Ataxia, staggeimg, falling, retraction of the head, opisthotonos, con- 
vulsive movements, nystagmus, grinding of the teeth, urinary and fecal 
incontinence, progressive wasting and weakness affecting paiticularly 
the hind quaiters Death may follow m from three days to a month, or 
recovery oi a chronic state may supervene 

Injection of saline emulsions of glands involved by Hodgkin’s dis- 
ease into the lymphatic glands of the paws of dogs did not cause the 


201 Goldstein, J D The “Gordon Test” for Hodgkin’s Disease, Am T M 
Sc 191 775, 1936 

202 Weil, P E , Isch-Wall, P , and Perles, S Le diagnostic de la raaladie 
de Hodgkin par la ponction des ganglions. Bull et mem Soc med d hop de 
Pans 52 1006 (June 22) 1936, Presse med 44 1540 (Oct 3) 1936 

203 Sailer, S Hodgkin’s Disease m the Aged, Am J Chn Path 6.241 
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2Q4 ]ors M E La anatomia patologica general de la granulomatosis maligna 
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205 Rosenberg, D H, and Bloch, L The 
Disease, JAMA 106 1156 (April 4) 1936 
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development of the disease after from seven months to thiee years 
(Chapman -°®) 

Slight leukocytosis was noted by Roth and Watkins m cases of 
Hodgkin’s disease of between one and two years’ duration Pol} morpho- 
nuclear neutrophils weie slightly increased m number after six months, 
with a slight relative decrease m the number of lymphocytes Monocytes 
tend to be moie mature than in the average normal person These 
tendencies aie not more marked when there is extensive involvement 
of the body The author concluded “Theie is no specific change m 
the blood picture which is diagnostic of Hodgkin’s disease ” 

Wiseman claimed that the majority of patients with Hodgkin’s 
disease have a normal or low leukocyte count There is a tendency 
to neutrophilia (5,000 or more neutrophils per cubic millimeter) , at 
least two thirds of his patients showed no increase in the number of 
eosinophils Definite lymphopenia was characteristic (less than 1,500 
lymphocytes per cubic millimeter), with monocytosis (700 monocytes 
per cubic millimeter), giving a high monocyte-lymphocyte ratio (1 33) 

Peirce, Jacox and Hildreth studied the records of 214 patients 
with Hodgkin’s disease and noted that the clinical symptoms and signs 
and the changes m the character of the blood often suggest the disease 
They are not indicative of the extent of the intrathoracic involvement 
In two thirds of the patients loentgen examination of the chest levealed 
the diagnosis and extent of the disease 

From a survey of the clinical results of loentgen treatment of 161 
patients with Hodgkin’s disease, Jacox, Peirce and Hildreth con- 
cluded that this type of therapy induced definite extension of life as 
compaied with the results for patients who did not receive this treat- 
ment “Systemic irradiation,” they said, “has been no moie efirectual 
than lepeated local irradiation in prolongation of the total duration of 
the disease in those cases now known to have died ” They advocated 
systemic irradiation of all lymphatic areas 

206 Chapman, E M Studies in Hodgkin’s Disease Unsuccessful Experi- 
ments to Transmit Hodgkin’s Disease to Dogs by Intralymphatic Injection, Proc 
Soc Exper Biol & Med 33 572, 1936 

207 Roth, G M , and Watkins, C H The Leukocyte Picture in Hodgkin’s 
Disease, Ann Int Med 9 1365, 1936, Proc Staff Meet, Mayo Clin 11 593 
(Sept 16) 1936 

208 Wiseman, B K Lymphopoiesis, Lymphatic Hyperplasia, and Lymphemia 
Fundamental Observations Concerning the Pathologic Physiology and Interre- 
lationships of Lymphatic Leukemia, Leukosarcoma and Lymphosarcoma, Ann 
Int Med 9 1303, 1936 

209 Peirce, C B , Jacox, H W , and Hildreth, R C Roentgenologic Con- 
siderations of Lymphoblastoma Roentgen Pulmonary Pathology of the Hodgkin’s 
Type, Am J Roentgenol 36 145, 1936 

210 Jacox, H W , Peirce, C B , and Hildreth, R C Roentgenologic Con- 
siderations of Lymphoblastoma Roentgen Therapy of Hodgkin’s Disease, Am J 
Roentgenol 36 165, 1936 
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The suivival peiiod aftei roentgen therapy in O’Biien’s senes 
averaged fouiteen and two-fifths months Anemia is a gieatei souice 
of potential danger aftei teleoroentgen theiapy than aftei local treat- 
ment O’Brien stated 

The obvious direct benefits from roentgen therap 3 " are decrease in the size 
of the liver and spleen, with consequent relief from pressure symptoms, resorption 
of pleural effusion, resorption of ascites, relief of pain, restoration of sensibility 
of locomotion m cord and vertebral metastases, increase m red cells and color 
index, remissions of the disease with return to occupation, and comparative comfort 
over long periods of time 

Lymphosarcoma of the intestine usually does not cause constiiction 
but more often pioduces sacculation In Greenfield’s-^- case the diag- 
nosis was made pi eopei atively on the basis of the loentgenographic 
changes After high voltage loentgen therapy an excellent remission 
was pioduced 

Various aspects of Hodgkin’s disease and i elated diseases have 
been emphasized m lecent reports cutaneous involvement (Arzt^^®), 
involvement of the scalp (Wrong 2^^), involvement of the 01 bit 
(Kyrieleis and Muscatello primary localization in the naso- 
phaiynx (Berendes elephantiasis of the penis and scrotum (Sancliez- 
Covisa and de la Cuesta^^®), hemolytic jaundice (Foitunato 
localization in the thyroid region simulating thyroid adenoma (Fresno y 
Bastiony localization in the mediastinum (Medoc and Marcos 
and primary involvement of the tonsil (Wullstem 

211 O’Brien, F W Roentgen Treatment of the So-Called Malignant 
Lymphomas, JAMA 107 2022 (Dec 19) 1936 

212 Greenfield, H Early Roentgen Diagnosis of Jejunal Lymphosarcoma 
Report of Case, Am J Roentgenol 36 674, 1936 

213 Arzt, L Zur Kenntnis der Lymphogranulomatosis cutis (Paltauf- 
Sternberg), Wien med Wchnschr 86 677 (June 20) 1936 

214 Wrong, N M Hodgkin’s Disease of the Scalp Report of a Case, Arch 
Dermat & Syph 33 2S9 (Feb ) 1936 

215 Kyneleis, W Ueber Augenhmtergrundsveranderungen bei Lympho- 
granulomatose, Ztschr f Augenh 89 193, 1936 

216 Muscatello, F Lipogranulomatosi dell’ orbita, Rassegna ital d’ottal 5 
108, 1936 

217 Berendes, J Der Epipharynx als primarer Sitz der Lymphogranulo- 
matose. Arch f Ohren-, Nasen- u Kehlkopfh 141 141, 1936 

218 Sanchez-Covisa, J , and de la Cuesta, L Elefantiasis peneoescrotal en el 
curso de linfogranulomatosis maligna de Paltauf-Sternberg, Actas dermo-sif 
28 734 (May) 1936 

219 Fortunato, A Uforbo di Hodgkin con ittero emolitico, Studium 26 
147 (July 1) 1936 

220 Presno y Bastiony, J A Enfermedad de Hodgkin de localizaclon primi- 

tiva en la region tiroidea siniulando un bocio. Rev de med y cir de la Habana 
41 213 (April 30) 1936 waDana 


(Fdotnotcs continued on next page) 



1092 


ARCHIVES OF INTERNAL MEDICINE 


Goidon--® and Warnei expeiimented with vaccine theiap}^ foi 
Hodgkin’s disease 

LEUKEMIA 

The outpouiing of immatuie cells of all types in leukemia was shown 
in the cases of 2 patients characterized by Campbell, Henderson and 
Croom as demonstrating a mixed monocytic-myeloid reaction While 
the monocytes predominated in the blood, both monocyte and mjeloid 
cells wei e pi esent in the tissues in about equal proportions The process 
was Intel preted as a “stem cell” hyperplasia with simultaneous diffei- 
entiation into two distinct cell types Both patients showed necrotic 
ulcei ation at the anorectal region, and 1 showed a localized tumor in the 
cecum and appendix 

The coincidental occurrence in the same patient of pernicious anemia 
(macrocytosis, reticulocyte i espouse to liver extract, achlorhydiia, 
reduced gastiic secretion, loss of vibiatory sense and degeneration of 
the posterioi and lateral columns of the spinal coid) and of lymphatic 
leukemia (splenomegaly, lymphadenopathy and leukocytosis — 330,000 
leukocytes per cubic millimeter, with a predominance of lymphocytes) 
has been reported by Rich and Schiff A somewhat similai situation 
was presented by Duthoit and Houcke’s patient with “subleukemic 
lymphatic leukemia” and a myeloid reaction, with megaloblasts and a 
coloi index of 1 34 

Krumbhaar suggested the term lymphomatoid diseases for the 
hetei ogeneous group of conditions classified as lymphoblastoma, limit- 
ing the latter term to “a tumor derived from the lymphoblast ” In com- 
paring the weight of the spleen m different types of leukemia, the 
average was as follows acute lymphatic, 693 5 Cm , chronic lymphatic 


221 Atedoc, J , and Marcos, J R Un caso de linfogranulomatosis solitana 
del mediastmo , estudio clinico y anatomopathologico. An Fac de med de 
Montewdeo 20 319, 1935 

222 Wullste'n, H Ueber beginnende Lymphogranulomatose mit Primann- 
fekt an der Gaumenmandel und ihre Behandlung, Arch f Ohren-, Nasen- u 
Kehlkopfh 141 146, 1936 

223 Gordon, M H Aetiology of Ljmphadenoma Sensitized Vaccine of 
Elementary Bodies, Lancet 2 65 (July 11) 1936 

224 Warner, E C Treatment of Lymphadenoma, with Sensitised Vaccine of 
Elementary Bodies, Lancet 2 417 (Aug 22) 1936 

225 Campbell, AGP, Henderson, J L , and Croom, J H Monocytic 
Leukaemia with Atyeloid Hyperplasia and Localised Tumour Formation, J Path 
& Bact 42 617, 1936 

226 Rich, Af L , and Schiff, L A Case of Pernicious Anemia and Chronic 
Lymphatic Leukemia, Ann Int Afed 10 252, 1936 

227 Duthoit, A , and Houcke, E Subleucemie lymphoide avec anemie 
megaloblastique et reaction mveloide. Sang 10 252, 1936 

228 Krumbhaar, E B The L 3 "mphomatoid Diseases (the So-Called Lyrnnho- 
blastomas), J A AI A 106 286 (Jan 25) 1936 
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1,297 5 Gm , acute myelogenous, 482 2 Gm , and chronic myelogenous, 
1,879 2 Gm Among the patients with myelogenous leukemia, spleens 
weighing fiom 4,930 and 5,380 Gm were encounteied, and among the 
patients with lymphatic leukemia there was one of 4,400 Gm 

A case of acute leukemia which first became manifest after treatment 
with a radio-active solution has been described by Rimbaud, Anselme- 
Martm, Lafon and Castagne Repoits of cases emphasizing involve- 
ment of the liver and spleen (Cabot case 22,282"^'^) as well as absence 
of splenomegaly (Legiand“^) have been published Marcus 
described the case of a patient who had a long remission in the course 
of acute aleukemic leukemia In Zemplen’s patient the disease started 
as acute m)'^eloblastic leukemia and developed into chloroma Cutaneous 
involvement was noted in a patient by Goldhamer and Barney , 2 ^^ and 
they renewed the findings in 16 other similar cases leported m the 
literature The appearance of cutaneous nodular infiltrations suggests a 
bad prognosis, as death followed m from fifteen days to four months in 
this gioup The nodules vary in diameter from about 2 to 20 mm , and 
the color is that of noimal skin or various depths of purple The most 
common sites are the skin of the tiunk, the anterior surface of the chest, 
the extiemities and rarely the face and mucous membranes Zimmer- 
man and Curtis desciibed the cutaneous nodules of a patient with 
myelogenous leukemia which progressed to the blast stage after leuko- 
penia was induced by intensive roentgen therapy 

The problem of the differential diagnosis of marked eosmophiha and 
eosinophilic leukemia was presented in a case described by Lottrup 
The leukocyte count was 13,800 per cubic millimeter, with 54 per cent 
eosinophils The diagnosis of eosinophilic bronchitis was made rathei 
than leukemia, because of the sparsity of immature forms 


229 Rimbaud, L , Anselme-Martin, G , Lafon, R , and Casfagne, R 
Leucemie aigue en concomitance avec un traitement radio-actif suivi sans controle 
medical, Arch Soc d sc med et biol de Montpellier 17 118, 1936 

230 Aleukemic Myeloid Leukemia with Involvement of Liver and Spleen, 
Cabot Case 22282, New England J Med 215 91 (July 9) 1936 

231 Legrand, R Leucemie mj'eloide sans splenomegahe. Echo med du Nord 
S 858 (May 24) 1936 

232 Marcus, I H Complete Temporary Recovery of Long Duration m 
Acute Aleucemic Myeloid Leucemia Case Report, J Lab & Chn Med 21 1006, 


233 Zemplen, B Em im Bilde emer akuten Myeloblasten-Leukamie 
beginnendes Chlorom, Folia haemat 55 262, 1936 

234 Goldhamer, S M, and Barney, B F Myelogenous Leukemia with 
Cutaneous Involvement, JAMA 107 1041 (Sept 26) 1936 

AT ?? Z^nierman, E F , and Curtis, H C Aleukemic Myelosis with Cutaneous 
Nodules, Arch Dermat & Syph 33 684 (April) 1936 

haei^t 5r6ri9Y5 ^ Eosmophihe und eosinophile Leukamie, Folia 
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Among the less common types of leukemia is an example of an 
acute basophilic foim desciibed by Gioat, Wyatt, Zimmei and Field 
Then patient had a leukocyte count vai3nng from 40,000 to 121,000 per 
cubic millimeter, ^\lth basophils constituting from 21 to 61 pei cent of 
the cells There were progressive anemia, thiombopema and abnoimal 
platelets The sternal bone marrow showed many basophils, with imma- 
ture foims, although the neutrophils were apparently noimal Theie 
was a progressive inciease in the number of myeloblasts (24,000) 
Roentgen therapy was of help early in the disease Symptomatic 
improvement followed blood tiansfusions The total duration of the 
disease was about eight months, with death from bronchopneumonia 
Duodenal ulcers comphcated the pictuie 

A second unusual type was noted by Patek and Castle m a woman 
of 60 years who showed plasma cell leukemia Eleven similai cases 
were noted in the literature The leukocyte count varied from 21,800 
to 50,100 per cubic millimeter, with from 27 to 43 pei cent of the cells 
belonging to the plasma cell group There was progi essive anemia, and 
death resulted from bronchopneumonia The pathologic pictuie of this 
condition has been described by Jores and Biuns,^^® who characterizea 
the lesion as malignant plasmoma In this patient, a 64 year old woman, 
the leukocyte count lose to 38,000 per cubic millimeter, with 45 per cent 
plasma cells There was a multiple myeloma made up of plasma cells 

Additional cases of megakaryocytic leukemia (an aleukemic form 
with enlargement of the liver and spleen) have been recorded by 
Chmi,^*° Emile Weil, Isch-Wall, Perles and Scemama and Introzzi 

A case of myelogenous leukemia m a woman with a red blood cell 
count of 5,500,000, a leukocyte count of from 22,000 to 33,000 and a 
platelet count of more than 2,500,000 per cubic millimeter was reported 
by Drake In discussing this case Dameshek said that the diag- 
nosis should have been polycythemia, as he has noted high platelet counts 

237 Groat, W A , Wyatt, T C , Zimmer, S M , and Field, R E Acute 
Basophilic Leukemia, Am J M Sc 191 457, 1936 

238 Patek, A J, Jr, and Castle, W B Plasma Cell Leukemia Consideration 
of the Literature with Report of a Case, Am J M Sc 191 788, 1936 

239 Jores, A , and Bruns, W Em Fall von “mahgnem Plasmom” mit einen 
Beitrag zur sog “Plasmazellenleukamie,” Folia haemat 55 227, 1936 

240 Chmi, V La mielosi aleucemica megacanocitaria, Policlimco (sez med ) 
43 257, 1936 

241 Weil, P E , Isch-Wall, P , Perles, S , and Scemama, J Un cas de 
splenomegahe myeloide megacaryocytaire. Sang 10 797, 1936 

242 Introzzi, P Contributo alio studio della patologia del sistema mega- 
cariocitico ( megacar lociti nel sangue penferico di anemia permciosa progressivae 
di leucemia acuta emocitoblastica), Haematologica 16 217, 1935 

243 Drake, C B Leukemia with Thrombocytosis, JAMA 106 1005, 
(March 21) 1936, 107 446 (Aug 8) 1936 

244 Dameshek, W Leukemia or PoEcythemia, JAMA 106 1837 
(May 23) 1936 
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m that disease Kugelmass claimed that in this case it was not justi- 
fiable to make a diagnosis of latent leukemia on the basis of a high 
platelet count alone, as secondaiy thrombocythemia may be piesent in 
polycythemia, lymphogianulomatosis, chionic myelosis, splenic dysfunc- 
tion and mjuiy to the tissues by severe infection oi suigical tiauma 
Subsequent study confiinied the diagnosis of leukemia The case is 
interesting as it brings out many difficulties in the diagnosis of conditions 
in which intensive stimulation of the bone maiiow is a factoi 

Hypeipioteinemia and hypeieuglobulinemia with the secretion of 
Bence-Jones’ protein in the uiine chaiacterized Keilhack’s case of 
aleukemic myelogenous leukemia A lelationship to the myelomas was 
suggested, and othei diseases in which these symptoms appear weie 
analyzed 

The fever m leukemia, according to Vlados,-*’’ is the result of the 
disturbed puiine metabolism 

In acute "blast” leukemia (lymphatic) Arneth noted a relative 
predominance of oval blood platelets, 2 5 microns in diameter, with an 
absolute decrease in the number of larger and of elongated fonns This 
tendency was less maiked in cases of chronic lymphatic leukemia 

Hepatic infaiction may be a complication of chronic myelogenous 
leukemia (Morgan, Liebei and Stewart 

Leukemic cells from old mice have a lower rate of metabolism than 
those from younger mice When cells from either group were inoculated 
into the other, the resulting leukemic cells assumed a rate more nearly 
comparable to the age of the host "Host age,” commented Victoi and 
Potter,^®® "does not modify the inherent constitution of the leukemia 
cells but acts as a detei mining environmental factor on their metabolism ” 
In a strain of puie albino lats Wilens and Spioul noted the spon- 
taneous development of leukemia in 3 3 per cent of the animals 
(myeloid, 7 cases, chloi omyeloid, 4 cases, and l 3 miphatic, 1 case) The 

245 Kugelmass, I N Leukemia with Thrombocytosis, JAMA 106 1588 
(May 2) 1936 

246 Keilhack, H Die Hyperproteinamie und Hypereuglobuhnamie als Symp 
tome einer chromschen aleukamischen Myelose, Folia haemat 55 406, 1936 

247 Vlados, C Sur la geiiese de I’etat febrile chez les malades atteints de 
leucemie. Sang 9 961, 1935 

248 Arneth, J Ueber das qualitative Thrombocytenblutbild bei der 

hmphatisch-leukamischen Reaktion (Leukamie) auf Grund von 30 Beobachtungen 
Folia haemat 56 49, 1936 ^ 

249 Morgan, D R , Lieber, M M , and Stewart, H L Hepatic Infarction 
in Myelogenous Leukemia and Periarteritis Nodosa, Am J M Sc 192 540, 1936 

250 Victor, J , and Potter, J S Host Age and Cell Metabolism in Mouse 
Lymphatic Leukemia, Proc Soc Exper Biol & Med 33 609, 1936 

251 Wilens, S L, and Sproul, E E Spontaneous Leukemia and Chloro- 
leukemia in the Rat, Am J Path 12 249, 1936 
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ages -varied from 18 months to 2 years There were 8 males and 4 
females In the rats with chloroleukemia the tumors weie gieenish, 
the pigment resembling that of human beings with chloroma 

Wiseman-®® concluded that lymphatic leukemia may be either neo- 
plastic or metabolic, in the majority of cases chronic lymphatic leukemia 
is of the lattei type The metabolic deiangement was postulated as being 
similai to the mechanism which pioduces peinicious anemia Wiseman, 
Doan and Erf claimed that the anemia in lymphatic leukemia is due 
not to the crowding out of erj^hroblastic tissue from the marrow but to 
an eftect of inci eased volume of lymphatic tissue elsewheie m the bod}- 
Myelopoiesis, they concluded, is metastatic when it occurs in lymph 
nodes Myeloid or lymphoid hypeiplasia occuis at the expense of the 
hypoplasia of the other 

To support the theory of the local origin of hemocytoblastic giowths, 
as opposed to the metastatic concept. Smith and Silberberg piesented 
a patient with multiple myeloma in whom there were undifferentiated 
or paitly diff ei entiated blood cells (pioeiythroblasts and other immature 
led blood cells, lymphocytes, plasma cells and megakaiyocytes) 

Articular manifestations m leukemia aie not uncommon (Krafft ■®^), 
and the syndiome may simulate acute rheumatism and Still’s disease 
(Conybeare -®®) Erythroderma was the initial and, foi a time, the only 
clinical manifestation of subacute leukemia (blast) in a patient 
desciibed by Margaret, Rimbud and Roche-®® 

Rigler leported the appearance of “enoimously enlarged gastric 
rugae, resembling the convolutions of the brain” m a patient with a basal 
cell caicinoma of the skin and leukemic infiltration of a cervical lymph 
node and of the skin The blood was not abnoimal Impiovement fol- 
lowed roentgen therapy The roentgenographic appearance of the 
stomach is not specific, however, but may be similar to that seen in 
chionic hypertrophic gastritis The latter condition is not improved 
by roentgen therapy 

252 Wiseman, B K , Doan, C A, and Erf, LA A Fundamental Reciprocal 
Relationship Between Myeloid and Lymphoid Tissues Its Recognition, Nature, and 
Importance as Revealed by Experimental and Clinical Studies, JAMA 106 
609 (Feb 22) 1936 

253 Smith, R P , and Silberberg, M Multiple Myeloma of Hemocytoblastic 
Type, Arch Path 21 578 (May) 1936 

254 Krafft, J Leukamische Gelenksymptome im Kmdesalter, Kmderarztl 
Praxis 7 295 (July) 1936 

255 Conybeare, E T Case of Leukaemia Simulating Acute Rheumatism 
and Still’s Disease, Guy’s Hosp Rep 86 343, 1936 

256 Margarot, J , Rimbaud, P , and Roche, J Erythrodermie constituant 
la manifestation climque initiate et pendant quelque temps, exclusive d’une leucemie 
a elements primordiaux et d’evolution subaigue, Bull Soc frang de dermat et 
sj ph (Reunion dermat , Lj'on) 42 1503, 1935 

257 Rigler, L G Leukemia of the Stomach Producing Hypertrophy of the 
Gastric Mucosa, JAMA 107 2025 (Dec 19) 1936 
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The neudeotide nitrogen content of the blood of patients with leu- 
kemia IS high For normal males the amount is 6 2 mg and f oi females 
5 2 mg per bundled cubic centimeters The average for 10 males with 
myelogenous leukemia with an elevated leukocyte count was 7 36 mg 
and for 5 females 5 84 mg per hundred cubic centimeters In normal 
persons and in patients with aleukemic leukemia the nucleotide nitiogen 
IS moie closely con elated with the red blood cell count (Allen, Lucia and 
Eller 

Certain chemical differences m the composition of the white blood 
cells 111 leukemia, especially in the lipid fi action, were noted by Boyd 
In 9 patients with chronic myelogenous leukemia the values for total 
lipids, total fatty acids, total cholesterol, free cholesterol and phos- 
pholipid were greater than noimal, as compared with the condition in 
8 patients with chronic lymphatic leukemia, foi whom the amounts 
Mere less than normal The amount of neutial fat was slightly increased 
m lymphatic leukemia, but in both types the ester cholesterol content 
was less than normal In a patient with “acute myeloid leukemia” the 
leukoc)^e lipid content was relatively low, whereas in 2 patients with 
Hodgkin's disease it was relatively high 

Fiessinger and Laui reported that they had under their care a 
51 year old patient known to have had lymphatic leukemia for twenty 
years He had had roentgen therapy at times The blood was going 
into the blast stage, with a leukocyte count of 208,000 per cubic 
millimetei 

The occuirence of localized leukemic infiltrations was pointed out 
by Cleland,-®^ and the resemblance to lymphosarcoma and pseudo- 
leukemia was noted Patients with mfiltiation in the cardiac muscle, 
kidneys, pancreas, brain and othei organs were cited, showing the 
specific symptomatology which these tumors may cause 

Graver commented on the great variation and severity of symp- 
toms m different patients with leukemia A long duration is more 
common in lymphatic than m myelogenous leukemia There are certain 
features which suggest a lelationship between leukemia and Hodgkin's 
disease, lymphosarcoma and erythiemia Lymphosarcoma may termi- 
nate with a leukemic s 3 mdiome, as noted in the patient of Morin, 

258 Allen, F W , Lucia, S P , and Filer, J J Nucleotide Nitrogen Content 
of Pathologic Human Whole Blood, J Clin Investigation 15 157, 1936 

259 Boyd, E M The Lipid Composition of the White Blood Cells in 
Leukemia, Arch Path 21 739 (June) 1936 

^ 260 Fiessinger, N , and Laur, C M Leucemie lymphatique splenique pure 
d’une duree de 20 ans et encore en traitement, Sang 10 743, 1936 

261 Cleland, J B Leukaemic Infiltrations, Bnt M J 2 1191 (Dec 21) 
1 935 

262 Graver, L F Clinical Manifestations and Treatment of Leukemia Am 

T Cancer 26 124, 1936 ' 
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Lemieux and Leblond Lymphosarcoma of the mediastinum was the 
primary clinical lesion Wiseman also discussed this phase of 
lymphosai coma 

A detailed account of a patient with chronic myelogenous leukemia 
and painful priapism was given by Denechau This complication, 
although frequently mentioned in accounts of leukemia, is i datively 
raie In this case there was improvement aftei intensive ii radiation over 
the pelvis and spleen 

In a patient with lymphatic leukemia, seveie leukopenia (200 to 800 
leukocytes per cubic millimeter) developed after roentgen therapy The 
initial white blood cell count was 70,200 per cubic millimetei The 
patient received nine treatments within thirty-five days, totaling prob- 
ably moie than 5,500 loentgens, over different paits of the body The 
polymoiphonudear leukocyte count was reduced to 5 per cent 
("agranulocytosis”) After therapy with pentose nucleotide, Fiessinger 
and Boudin-®® found an increase m the total leukocyte count, with a 
slight increase in the number of polymorphonuclears Death followed 
in two months 

Lazeanu and Saiagea^®^ studied a patient with chronic lymphatic 
leukemia for whom the leukocyte count was 2,500,000 pei cubic mil- 
limeter, over 96 per cent of the cells being lymphocytes The count 
was reduced to 1,000,000 per cubic millimeter with roentgen therap} 
(Other authors have reported counts of fiom 1,500,000 to 2,000,000 
per cubic millimeter ) 

The basal metabolic rate parallels the clinical condition of the patient 
more closely than the blood count, although this is not infallible, con- 
cluded Middleton, Meyer and Pohle ^®® from a careful study of 21 
patients with leukemia 

The coincidental occurrence of carcinoma (cutaneous) and lymphatic 
leukemia in the same patient has been described by Pulvertaft ^®® He 

263 Morin, E , Lemieux, R , and Leblond, S Syndrome leucemique au cours 
d’un lymphosarcome du mediastm, Laval med 1 24, 1936 

264 Wiseman, B K The Blood Pictures in the Primary Diseases of the 
Lymphatic System Their Character and Significance, JAMA 107 2016 
(Dec 19) 1936 

265 Denechau, D Un nouveau cas de pnapisme revelateur d’une leucemie 
myeloide Resultats heureux et prolonges du traitement radiotherapique, Sang 
10 86, 1936 

266 Fiessinger, N , and Boudin, G Aleucie hemorragique et agranulocytose 
apres un traitement radiotherapique, au cours d’une leucemie lymphoTde spleno- 
megalique. Sang 10 377, 1936 

267 Lazeanu, E , and Saragea, T Leucemie lymphatique avec un tres grand 
nombre de leucocytes dans le sang. Sang 10 123, 1936 

268 Middleton, W S , Meyer, O O , and Pohle, E A Influence of Roentgen 
Therapy upon Basal Metabolism in Leukemia, Radiology 26 586, 1936 

269 Pulvertaft, R J V Multiple Primary Epithelioma m Lymphatic Leu- 
kaemia, Brit J Surg 24 50, 1936 
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commented on the fact that lymphocytes have been considered as a 
protective bairiei against the spread of tumors Similarly, a patient 
may have miliaiy tuberculosis and leulcemia (Haibitz - ‘°) It is sug- 
gestive that the leukemic cell differs in its functional possibilities from 
the normal lymphoc 3 de 

From a study of patients with acute leukemia Jaffe emphasized 
the excessive destruction of blood in some patients, with a compensator}' 
reactive inyelopoiesis This results in the production of an increasing 
number of immature precursors of blood cells until the heinocytoblastic 
stage IS reached 

Neumann and Neugebauer described experiences m the giving 
of transfusions to leukemic patients which others no doubt have had 
They noted the occurrence of reactions if the identical type of blood was 
not used, blood from group 0 donors causing leactions and hemolysis in 
all patients except those whose blood belonged to the same group 

MonocyHc Leukemia — Chini“^^ described a patient showing a syn- 
drome which IS encountered occasionally among patients with pernicious 
anemia His patient had a blood picture of pernicious anemia which 
latei changed into that of monocytic leukemia Splenomegaly was 
present, and marked megakaryocytosis was iroted in the spleen Kato 
described a case of monocytic leukemia m an 18 month old infant 

Monocytic leukemia is described by some as a reticulo-endotheliosis 
(Reich acute histiocytic leukemia (Ramsey and Tank-^®) and 
aleukemic systemic endotheliosis (Fucci^’’^), depending on the author’s 
concept of the origin of the monocytes 


270 Harbitz, F Acute Atypical Miliary Tuberculosis, i e. Without Distinct 
Macroscopical Findings and Presenting Picture of Lymphatic Leucaemia, Acta 
path et microbiol Scandinav , supp 26, 1936, p 173 

271 Jaffe, R H Nature of Anemia in Acute Leukemia, Arch Path 20 725 
(Nov) 1935 

272 Neumann, W , and Neugebauer, W Scheinbare Blutgruppenanderung 
bei einem Leukamiekranken bei Unvertraglichkeit von Blut ernes sogenannten 
Universalspenders, Med Klin 32 1067 (Aug 7) 1936 

273 Chini, V Su di un caso complesso di emopatia (anemia a tipo pernicioso 
con splenomegalia , evoluzione leucemica a prevalente denvazione istioide e con 
spiccata megacanocitosi splenica) , Arch 1st biochim ital 8 127, 1936 


274 ICato, K Hematology and Pathology of Leucemic Reticuloendotheliosis 
(Monocytic Leucemia) Occurring m Eighteen-Month- Old Infant J Pediat 8 
679, 1936 

275 Reich, C Case of Aleucemic Reticuloendotheliosis, M Rec 144 84 

(July 15) 1936 

276 Ramsey, T L, and Tank, R A Acute Monocytic (Histiocytic) 

Leukemia, Ohio State M J 32 637, 1936 

277 Fucci, N Sulle iperplasie del sistema reticolo-istiocitario contribute 

alio studio della endoteliosi sistemica aleucemica, Minerva med 2 4 (July 7) 1936 
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A case of monocytic leukemia togethei with its medicolegal featuies 
was discussed m The Journal of the Amencan Medical Association-'^ 
A man with monoc 3 'tic leukemia sustained an injury, gangrene of the 
leg and septicemia developed, and he died In deciding the immediate 
cause of death and the financial responsibility, the court pointed out that 
under the Workman’s Compensation Act, section 5223, “m case of 
aggravation of a pie-existing disease, compensation should be allowed 
only for such proportion of the disability or death due to the aggiavation 
of such pre-existing disease as may be reasonably attributed to the injury 
on which the claim is based ” Payment, then, was based on the shorten- 
ing of the time that a patient wuth monocytic leukemia may be expected 
to live 

Among the vaiious types of cells which may form a chloioma is the 
monocyte A striking case was described by Gump, Hester and Lohr,^^'’ 
that of a man aged 55 years The lesion produced marked exophthal- 
mos, first unilateral, later bilateral There was no marked improvement 
after roentgen irradiation The leukocyte count varied from 15,000 to 
26,000 per cubic millimeter, with from 20 to 62 per cent of the cells 
monocytes There was a hemorrhagic tendency, with terminal pneu- 
monia 

A case of monocytic leukemia in which cutaneous nodules weie a 
feature has been described by Loveman^®° 

Leukemia m Childien — The subject of leukemia in children was 
studied by Pierce (41 children, with 16 autopsies) Foi 48 7 pei 
cent of the children there was a histoiy of antecedent infectious illness 
from which there was failuie to recovei normally before the advent of 
the leukemic symptoms Thiee types of patients weie noted clinically 
(1) those with a fulminating course and classic symptoms, (2) those 
with a less rapidly fatal course and with clinical and hematologic aspects 
which may be confused with leukemoid states or other blood dyscrasias 
and (3) those with a prolonged period of illness maiked by relapses 
and remissions and a fluctuating blood picture The aleukemic phase 
in this group of disorders may have certain clinical and pathologic fea- 
tures 111 common with those of malignant neutiopenia 

An extensive review of acute leukemia m infants has been given by 
Leieboullet and Baize 

278 Workmen’s Compensation Acts Death m Relation to Trauma and Pre- 
existing Leukemia, Medicolegal Abstracts, JAMA 107 308 (July 25) 1936 

279 Gump, M E , Hester, E G , and Lohr, O W Monocytic Chloroma 
(Reticulocytoblastoma with Monocytic Leukemia), Arch Ophth 16 931 (Dec) 
1936 

280 Loveman, A B Monocytic Leukemia Cutis Report of a Case with 
Biopsy Studies, South M J 29 357, 1936 

281 Pierce, M Childhood Leucemia, J Pediat 8 66, 1936 

282 Lereboullet, P , and Baize, P La leucemie aigue chez I’enfant, Sang 
10 279, 1936 
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Morris and Hurwitz noted the leukemic state in 2 infants ^\ho 
were convalescing from pertussis 

Diffoenhal Diagnosis — In the differential diagnosis of leukemia and 
infectious mononucleosis^ the absence of agglutination of sheep corpus- 
cles by the patient’s serum (so-called heterophile antibody test) is of 
great value if the patient has not had serum infection or seium sickness 
Agglutination, in a dilution of 1 128, establishes a diagnosis of infec 
tious mononucleosis Kracke and Garver,-®'^ m pointing out this feature, 
also warned against confusing immature blast foims with lymphocytes 

Splenic puncture has been used by Emile Weil, Isch-Wall and 
Perles to diagnose cryptoleukemia This is myeloid, lymphatic or 
leukoblastic leukemia in which the peripheral blood is essentially normal 
but in which the internal organs show the character of the disease 

Tieatment — The beneficial effects of potassium arsenite in chronic 
myelogenous leukemia have been studied by Stephens and Lawrence 
in 7 patients Solution of potassium arsenite U S P was given lapidty 
in doses of from 10 to 30 oi more drops a day until toxic symptoms 
appeared The maintenance dose was as large as could be tolerated 
Transfusions and loentgen therapy were used when indicated The 
effects noted were (a) symptomatic improvement, (&) a reduction in 
the size of the spleen, (c) a decrease in the total white blood cell count, 
(d) a decrease in the number of immature cells and in the number of 
immature red blood cells in the peripheral blood, (e) an impiovement in 
the anemia and (/) an increase in the number of platelets The treat- 
ment may be continued indefinitely, but relapses may take place during 
the couise of therapy 

Albuminuria in leukemia is favorably affected by loentgen irradia- 
tion, according to Solomon,^®'^ and he advised systematic iiiadiation of 
the kidneys before tieatment of the spleen, bone raariow or glandular 
areas is begun 

No hematologic improvement was noted in leukemic patients by 
Meyer, Middleton and Thewlis after the administration of beef lymph 

283 Morns, M , and Hurwitz, S Myelogenous Leukemia in Infancy Report 
of Two Cases Following Pertussis, Arch Pediat 53 367, 1936 

284 Kracke, R R , and Carver, H Laboratory Findings in Leukemic States, 
Am J M Technol 2 81, 1936 

285 Weil, P E , Isch-Wall, P , and Perles, S Les cryptoleucemies, Presse 
med 44 41 (Jan 8) 1936 

286 Stephens, D J , and Lawrence, J S The Therapeutic Effect of Solution 
of Potassium Arsenite m Chronic Myelogenous Leukemia, Ann Int Med 9 1488 
1936 

287 Solomon, I Ueber die Behandlung und Prognose der Leukamien, 
msbesondere die gunstigen Erfolge bei der nur die Milz betreffenden Form der 
lymphatischen Leukamie, Strahlentherapie 56 526, 1936 

288 Meyer, O O , Middleton, W S , and Thewlis, E W Therapeutic 
Failure with Certain Organic Substances in Leukemia, Folia haemat 53 166, 1935 
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nodes, beef duodenum, hog spleen and beef bone marrow by mouth oi 
after the administration of extiacts of the last three substances pai- 
enterally 

O’Brien studied the effects of loentgen theiapy on the leukemias 
Fifty per cent of the patients with l)’-mphatic leukemia did not live 
longer than three and thiee-tenths months aftei therapy was begun 
The average duration of life after roentgen therapy was fourteen and 
six-tenths months In chionic myelogenous leukemia it was twenty-one 
and nine-tenths months There was no convincing evidence that irradia- 
tion prolonged life, as some patients had a slow type whereas others 
had a more fulminating type of the disease 

INFECTIOUS MONONUCLEOSIS 

Although not generally recognized, infectious mononucleosis has 
been known as a disease entity since 1885, when Filatow desciibed the 
disease as an idiopathic lymphadenopathy A similar disease occurring 
in children was observed by Pfeiffer in 1889 and termed by him glan- 
dular fever The importance of the glandular involvement was 
stressed by Desplats in 1894 In the same year Horschelmann empha- 
sized the appearance of a scarlatina-hke eiuption during the course of 
the disease Sprunt and Evans in 1920 and Longcope in 1922 estab- 
lished the disease on a more secure clinical basis and termed it infectious 
lymphocytosis and infectious mononucleosis, respectively 

Dailey and Poole and Findlay reviewed the literature and 
adequately described the essential features concerning the etiology, 
pathology and clinical course of this disease Various oigamsms have 
been isolated and described as the etiologic factor of infectious mono- 
nucleosis, but none of them has ever been confirmed by any except the 
original investigators Usually the disease occurs m either sex at any 
age, although it is much more common in children and in persons under 
40 years of age There are three types with various clinical features 
and differences in the length of the prodromal peiiods In the glandular 
type the prodromal period is fiom one to four days, and m the angiose 
type, from one to three weeks The average peiiod of incubation is 
seven or eight days 

The more common symptoms observed aie headache, general malaise, 
sore throat, tenderness of the lymph nodes, backache, chilliness, anorexia, 
coryza, sweating, weakness, cough, dizziness, soreness and bleeding of 
the gums, nausea, stiff neck, epistaxis, stomatitis, abdominal pain, lash, 
photophobia and conjunctivitis The physical signs usually encoun- 

289 Dailey, G An Attack of Glandular Fever, St Barth Hosp J 43 98, 
1936 

290 Poole, L T, and Findlay, H T Laboratory Diagnosis of Glandular 
Fever (Infectious Mononucleosis), J Roy Army M Corps 66 145, 1936 
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tered are fever, enlargement and tenderness of the nodes, injection of 
the throat, enlaigement of the spleen, enlargement of the tonsils, mem- 
liranous angina and a maculopapular rash 

The complications which ma}^ be encountered are variable Dailey 
stated that the most usual ones aie sepsis, hemorrhages, hematuria, 
purpura, conjunctivitis, jaundice, appendicitis, menmgismus and involve- 
ment of the respiiatory tract 

An elevated white blood cell count of varying degree is encounteied 
at some time during the course of the illness , leukopenia may occui at 
the onset The red blood cell count and the hemoglobin content aie 
within normal limits The exact classification of the atypical mono- 
nuclear cells observed is difficult, and although most authors are of the 
opinion that the cells aie of the lymphocytic group, there aie many 
opponents of this view Freeman repoited 2 cases of typical infec- 
tious mononucleosis and gave obseivations on the bone mairow He 
stated that the marrow spaces are filled with the typical cells (immatuie 
lymphocjdes) which are present in the peripheral blood 

Downey and Stasnej. described a faiily characteristic picture in 
nodes which weie removed for biopsy during various periods of the 
acute illness Grossly the nodes are of vaiiable size, soft and spongy, 
with a distended white capsule At the height of the disease there is 
extreme hypeiplasia of the lymphoid tissue and the reticulum There is 
a dense aggregation of atypical basophilic l 3 TOphocytes, which suggests 
early leukemia, but there is never complete obhteiation of the structure 
of the node, nor is there any invasion of the capsule In the advanced 
stages the germ centers and follicles have disappeared The irregulaiity 
of the hj^perplasia of the reticulum and lymphoid tissue gives the node 
a characteristic nodular and spotty appearance Transitional stages 
between normal and atypical lymphocytes have been observed The cells 
present in the nodes are the same as those described in the bone mairow 
and peripheral blood In the author’s opinion many of the atypical 
characteristics of the lymphocytes may develop after these cells enter 
the circulating blood Downey and Stasney concluded that the histo- 
logc and cytologic pictures aie suggestive of a leukemoid reaction to an 
infectious toxic lymphotropic agent wdiich is piesent in the lymph nodes 

The prognosis is good, though relapses and remissions are not 
uncommon Apparently the disease is self-limiting The course may 
be protracted, and both glandulai and hematopoietic changes maj'’ per- 
sist for many months The diagnosis can usually be based on the 
piesence of the painful nodes and the chaiacteiistic changes in the 


291 Freeman, W Bone Marrow Studies m Glandular Fever (Infectious 
Mononucleosis), Am J Clm Path 6 185, 1936 

292 Downey, H, and Stasney, J The Patholog}' of the Lymph Nodes in 
infectious Mononucleosis, Folia haemat 54 417, 1936 
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blood Poole and Findlay substantiated the specificity of the hetero- 
philic antibod}' test, •\\hich -ttas originally described b}'’ Paul and Bunnell 
Stuart Griffin, Fulton and Anderson also confirmed the value of this 
test, but in their opinion the antibodies are not of the Forssman t}'pe, 
as was preMOusly suggested by other investigators 

AGRANULOCYTOSIS 

Interest in agranuloc 3 d;osis during the past year has continued to 
center about the role of certain drugs as etiologic factors in the causa- 
tion of the disease The theorj that aminopyrme may be responsible 
for the disease in certain susceptible persons has received fairly wide- 
spread acceptance It is known, however, that many persons may take 
large amounts of the drug without producing the syndrome Nor is it 
the sole etiologic agent, as other drugs, such as dinitrophenol, apparent^ 
have been responsible for its production in some instances 

Another point of interest in regard to the condition is our impression 
that tlie incidence of the disease is decreasing, although there is no 
definite evidence that the sale to the public of aminopyrme alone or m 
combination with other drugs is decreasing 

Although all obser\ ers are not m accord, Rawls claimed that suffi- 
cient data have been accumulated to indicate that aminopyrme bears 
some causal relationship to agranulocytosis He administered over 
100,000 tablets of aminopyrme or aminopyrme mixed with magnesium 
carbonate to 400 patients m clinic or in private practice In 4 (1 per 
cent) of these patients agranulocytosis de^ eloped, and 3 died of it 
Exclusne of the 4 patients, there were no significant changes in the 
white blood cell count or pol}'morphonuclear neutrophil percentages of 
100 patients who received a mean daily dose of about 13 grains 
(0 85 Gm ) for a mean interval of approximately eighty-four days It 
IS considered that aminopyrme does not produce hematologic changes 
except in isolated cases, m which there probably is an idiosyncrasy to it 

Nammack and Thorstemson studied the blood of 100 patients 
wuth ^arlous diseases, chiefl}'^ rheumatism and infections of the uppei 
respirator} tract who w^ere treated wuth a combination of salicylic acid 
and antip} rme Antip}Tine contains a benzene ring and is closely related 
m chemical structure to aminopynne Repeated examinations of the 

293 Stuart, C A , Griffin, A M , Fulton, , and Anderson E G E 
Nature of the Antibodies for Sheep-Cells in Infectious Mononucleosis, Proc 
Soc Exper Biol &: Aled 34 209 (March) 1936 

294 Rai\ls, W B The Effect of Anudopjrin upon the Red, White and 
Pobmorphonuclear Blood Cells of a Series of One Hundred Patients, Am J M 
Sc 192 175, 1936 

295 Nammack, C H , and Thorstemson, N Stud 3 ' of One Hundred Cases 
vith Admimstration of Drug (Salipirine) Containing Benzene Ring, New York 
State J Med 3 6 803 (]\Ia^ 15) 193*6 
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blood of the patients did not show a significant change in the total 
white blood cell count or m the percentage of neutrophils, nor was there 
any change of importance in the Schilling count From a review of the 
liteiature and their own experience the authois concluded that neutro- 
penia m connection with drugs containing the benzene ring probabl} 
depends on individual idiosyncrasy to this type of drug 

Witts said that the evidence incriminating aminopyiine as the 
chief cause of agranulocytic angina may be classified as circumstantial, 
experimental and direct He mentioned that in England the Poisons 
List Confirmation Order” which went into foice on May 1, 1936, 
makes it necessary to have a written order before aminopyrine can be 
supplied 

Paiker and Kracke,^®" in attempting to pioduce the disease experi- 
mentally, caused leukopenia (usually less than 1,000 leukocytes per 
cubic millimeter) in rabbits by the subcutaneous injection of benzene 
in olive oil and showed that these animals had a marked depletion of 
the biologically active oi reduced glutathione in the bone marrow and the 
blood They suggested that a depletion of this form of glutathione in 
human blood and bone marrow ma}^ lead to various leukopenic states 

Benjamin and Biederman^°® leported observations on the blood 
of a subject after the oral administration of 10 grams (0 6 Gm ) of 
novaldm (sodium phenyldimethylpyrazolon methylammoniethane sulfo- 
nate), a drug which is closely related to aminopyrine This pieparation 
was given to a woman aged 50, who previously had had several attacks 
of agranulocytosis after the ingestion of aminopyrine Eight hours 
after the drug was given subjective symptoms appeared (chilliness and 
fatigue, followed by slight fever, headache and backache) Within 
twenty-four hours the white blood cell count had fallen fiom 5,300 to 
2,800 pel cubic millimeter, and the polymorphonuclear neutrophil cells 
had been reduced from 72 to 46 per cent Intiacutaneous, patch and 
passive transfer tests with novaldm gave negative results The authors 
concluded that this drug may produce the same deleterious effects as 
aminopyrine on the hematopoietic system 

This view has been substantiated by Klumpp,^®® who reported the 
case of a patient in whom agranulocytosis developed after the use of 

296 Witts, L J (a) Prophylaxis and Treatment of Agranulocytosis, Bnt 
M J 1 1061 (May 23) 1936, (h) Effect of Toxic Substance on Blood-Forming 
Organs, with Special Reference to Therapeutic^Drugs, ibid 2 211 (Aug 1) 1936 

297 Parker, F P , and Kracke, R R 'Further Studies in Experimental 
Granulopenia, with Particular Reference to Sulphydryl (Glutathione) Metabolism 
in Blood D^scraslas, Am J Clin Path 6 41, 1936 

298 Benjamin, J E , and Biederman, J B Agranulocytic Leukopenia Induced 
by a Drug Related to Aminopyrine, JAMA 107 493 (Aug 15) 1936 

^ ^ Agranulocytosis Associated with the Administration of 
Novaldm,” a Derivative of Aminopyrine, JAMA 108 637 (Feb 20) 1937 
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this drug for headache The patient succumbed aftei a fulminating 
illness of SIX days, during which time he had the characteiistic symp- 
toms of agranulocytosis Examination of the blood showed led blood 
cells, 5,000,000, hemoglobin, 90 per cent and white blood cells, 150, 
per cubic millimeter Examination of the smear showed only 20 leuko- 
cytes, and 18 of these were lymphocytes and 2 weie nionoc}tes There 
was no response to treatment with liver extiact, pentnucleotide and 
blood transfusions Pathologic examination showed, in addition to an 
acute necrotizing piocess m the mouth and throat, hypoplasia of the 
bone mariow 

Goldman and Haber reviewed the literature concerning the i ela- 
tion between dinitrophenol and granulopenia and added the report of 
an additional case ^\hlch they observed Their patient, a girl of 13 years, 
had taken 0 1 Gm of the drug daily for forty-six days At the end of 
this time she had lost 25 pounds (11 5 Kg ) The following symptoms 
then appeared weakness, malaise, feverishness, sore tin oat and vomiting 
Examination showed the patient to be acutely ill and iriational The 
throat was deeply injected, and a purulent exudate was piesent on the 
tonsils and uvula The submaxillaiy glands weie palpable and tender 
The temperature was 105 6 F , the pulse rate, 136, and the respiratory 
rate, 32 per minute Examination of the blood showed hemoglobin, 
88 per cent , red blood cells, 4,600,000 , white blood cells, 700 , lympho- 
cytes, 100 pei cent, and platelets, 180,000 The Deirien test of the urine 
foi dinitrophenol gave positive lesults A direct smeai of the throat 
showed gram-positive cocci, and culture yielded Streptococcus viridans 
of the alpha type Death resulted after a lapid, fulminating couise of 
a few days, despite the administration of liver extract intravenously 
and intiamuscularly, a blood tiansfusion, the use of the oxygen tent and 
finally tracheotomy Autopsy failed to reveal any changes m the granu- 
lopoietic system The authors stated that their case is the fouith one 
to be reported which could be attributed to dinitrophenol The thiee 
other patients recovered after withdrawal of the drug and the use of 
such measures as pentnucleotide, roentgen therapy, blood transfusions, 
injections of leukocytic cieam and various supportive measuies 

The bone marrow of 24 patients who died of agranulocytic angina 
was studied by Bailing, Parker and Jackson They divided the sub- 
jects into three gioups, as follows those who died within four days of 
the clinical onset of the condition, those who died from five to ten 
days after the beginning of their illness and those m ivhom death 
occurred after an illness of moie than ten days The changes found 
weie so uniform m the bone marrow that the authors consideied the 

300 Goldman, A , and Haber, M Acute Complete Granulopenia with Death 
Due to Dinitrophenol Poisoning, JAMA 107 2115 (Dec 26) 1936 

301 Darling, R C, Parker, F, Jr, and Jackson, H, Jr Pathological 
Changes in the Bone Marrow in Agranulocytosis, Am J Path 12 1, 1936 
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condition a disease entity The patients with rapidly fatal agranulocytic 
angina showed lack of matin ation m the granular series and hypei- 
plasia of the stem cells Those who had had a longer illness usually 
showed hypoplasia of the myeloid tissue, with the coincidental appear- 
ance of many plasma cells and lymphocytes The recovery stage is 
described as characterized by rapid development of the stem cells into 
melocytes, metamyelocytes and polymorphonuclear neutrophil cells 
These changes, in the authois’ opinion, substantiate the previous con- 
tention of other investigators that the condition in the bone inariow 
is one of arrested maturation 

There have been no striking contributions to the treatment of 
agianulocytosis during the past year Perhaps the most important 
therapeutic measure is the avoidance of ammopyrine and closely allied 
diugs in the treatment of patients with agranulocytosis or those who 
have pieviously had the disease Murphy considered that sufficient 
evidence is not available to establish the intramuscular use of liver 
extract as the treatment of choice in agranulocytic angina but suggested 
that fuither experience may demonstrate that this preparation is as 
valuable m the contiol of this disease as it is in pernicious anemia 
In Witts’ opinion pentnucleotide, transfusions, liver extiact, ars- 
phenamiiie and roentgen tieatment are not specific therapeutic agents 

BONE MARROW 

The study of bone marrow is becoming more routine as to the 
diffeiential diagnosis of blood dyscrasias With only a few standards 
of “noimal,” the present material serves best as supplying data for the 
future evaluation of biopsy and autopsy material 

Jaffe^°® summarized ceitam features of the study of marrow and 
described the condition in persons with noimal marrow and m those 
with anemia, polycythaemia vera, agranulocytosis, leukemia, thrombo- 
cytopenia purpura, hemophilia or tumor of the bone mariow 

Higgins and Stasney found that after splenectomy in rats there 
was maiked stimulation of the red blood cell-foiming tissue, -nhich 
leached its peak the second week aftei operation This was accom- 
panied until anemia Theie w^as a contempoiary depiession of leuko- 
cyte-foimmg elements 

302 Murphy, W P Progress in the Treatment of Some Diseases of the 
Blood, Minnesota Med 19 73, 1936 

303 Jaffe, R H The Bone Marrow, J A M A 107 124 (July 11) 1936 

304 Higgins, G M, and Stasney, J Changes m the Bone Marrow and 

Peripheral Blood Following Splenectomy in White Rats Preliminary Report 

Proc Staff Iffeet, Afa 3 0 Clin 11 446 (July 8) 1936, Folia haemat 56 I 89 ’ 
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Osgood and Muscovitz and Osgood and Brownlee have devel- 
oped a method foi allowing the suivn’^al and multiplication of bone 
marrow cells in vitro 

An extensive study of bone marrow has been published by Seger- 
dahl The conditions m various diseases have been described by 
numerous authois Wamright and Duff have reported quantitative 
studies of the marrow of the femur and vertebrae m monocytic 
leukemia Suarez has studied the sternal bone marrow of normal 
persons and of persons affected with uncinariasis, sprue, Banti’s disease 
and Schistosomum Mansoni, comparing the numbers of cells with 
those of venous blood Carnot, Lavergne and Mallaime®^® found the 
study of bone marrow useful m the differential diagnosis of leukemia 
and myeloma Totterman and Lowinger have reported details of 
the mariow in hemolytic jaundice Jones gave the results of biopsies 
of bone marrow of patients with pernicious anemia during a relapse 
Heilbrun,^®^ using the section method, studied the marrow of a patient 
with macrocytic anemia of pregnancy Darling, Parker and Jackson®®^ 
presented the findings m agranulocytosis Rosenthal and Grace noted 
the changes due to radium poisoning m rabbits Tecilazic studied the 
conditions m normal infants 

Details of the technic of obtaining bone marrow have been given 
by Karavanov,®^^ van dei Merwe and others Van der Merwe used 

305 Osgood, E E , and Muscovitz, A N Culture of Human Bone Marrow 
Preliminary Report, JAMA 106 1888 (May 30) 1936 

306 Osgood, E E , and Brownlee, I E Culture of Human Bone Mar- 
row A Simple Method for Multiple Cultures, JAMA 107 123 (July 11) 
1936 

307 Segerdahl, E Ueber Sternalpunktionen, Acta med Scandinav , supp 
64, 1935, p 1 

308 Wamright, C W , and Duff, G L Afonocytic Leukemia, Bull Johns 
Hopkins Hosp 58 267, 1936 

309 Suarez, R M Comparative Study of Sternal Marrow Aspirated Dur- 
ing Life and Venous Blood (Preliminary Report), Bol Asoc med de Puerto Rico 
28 87, 1936 

310 Carnot, P , Lavergne, H , and Mallarme A propos de la myelographie 
chez I’adulte, Compt rend Soc de biol 121 314, 1936 

311 Jones, O P Cytologic Studies of Biopsied Pernicious Anemia Bone 
Marrow During Relapse, Proc Soc Exper Biol & Med 34 694, 1936 

312 Rosenthal, M , and Grace, E J Experimental Radium Poisoning Bone 
Marrow and Lvmph-Node Changes in Rabbits, Produced by Oral Administra- 
tion of Radium Sulphate, Am J M Sc 191 607, 1936 

313 Tecilazic, F Ricerche ematologiche “in vivo” sul midollo osseo nella 
prima infanzia II midollo osseo nel lattante in condizioni normah, Pediatria 43 
1046, 1935 

314 Karavanov, G A propos de la technique de la ponction de la moelle 
osseuse pendant la vie, Sang 10 562, 1936 

315 van der Merwe, C F Bone Marrow Studies in the Clinic, Folia haemat 
55 108 and 218, 1936 
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the puncture aspiration method, somewhat like that of Osgood He 
reported data on the marrow of persons with pernicious anemia, carci- 
noma of the stomach, chlorosis, steatorrhea, familial hemolytic jaundice, 
infectious mononucleosis, syphilis and aplastic anemia 

Huggins, Blocksom and Noonan®’-® and Huggins and Blocksom ®’‘ 
found that fatty marrow of rats could be transfoimed into actively 
hematopoietic tissue by raising the temperature Studies were made of 
the marrow of the rabbit, the pigeon and the albino rat 

HEMATOLOGIC TECHNIC 

It is doubtful that during the past year any real advances have been 
developed m the technic of examination of the blood Numerous modi- 
fications of existing methods have been proposed, but for the most 
part their merits remain to be impartially demonstrated In any lab- 
oiatory certain refinements of procedure or apparatus will be found 
peculiaily adapted to local conditions 

Although pot strictly a mattei of technic, accumulated data lelative 
to noimal values find a natural place m the consideration of methods of 
hematologic examination Such data have been compiled by Andresen 
and Mugrage , Belk, Curtis and Wilson , Fiddes and Whitney,®®® 
and Bethell Quantitative observations on the blood lend themselves 
especially well to statistical analysis and interpretation The standaid 
deviations and coefficients of variation of erythrocyte counts made on 
identical blood samples by mechanical means and by eye were calcu- 
lated by Magath, Beikson and Hum ®®’ By Fisher’s methods of analysis 

316 Huggins, C B , Blocksom, B H, Jr, and Noonan, W J Experiments 
on the Distribution of Red Bone Marrow, J A M A 106 325 (Jan 25) 1936, 
Temperature Conditions in the Bone Marrow of Rabbits, Pigeon, and Albino 
Rat, Am J Physiol 115 395, 1936 

317 Huggins, C B , and Blocksom, B H, Jr Changes in Outlying Bone 
Marrow Accompanying Local Increase of Temperature Within Physiological 
Limits, J Exper Med 61 253, 1936 

318 Andresen, M I , and Mugrage, E R Red Blood Cell Values for Normal 
Men and Women, Arch Int Med 58 136 (July) 1936 Mugrage, E R, and 
Andresen, M I Values for Red Blood Cells of Average Infants and Children 
Am J Dis Child 51 775 (April) 1936 

319 Belk, W P , Curtis, E , and Wilson, M K Erythrocyte Counts, 
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in the Eastern United States, Am J Clin Path 6 487, 1936 
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1936 
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of variance Rosahn and Casey®-- found statistically significant difliei- 
ences in the blood formulas of 5 healthy men and of 6 healthy rabbits 
They concluded that each individual possesses a characteristic blood 
picture, largely determined by genetic factors, and that a formula noimal 
foi one subject may signify abnoimahty in the case of another 

A modification of the congo red method of estimating plasma and 
total blood volume has been described by Olloz By the use of a 
photometer and a special injection technic, the quantity of dye injected 
can be i educed to 3 5 cc of a 1 per cent solution, thus permitting fre- 
quently repeated determinations Hedenius has devised an apparatus 
for measuring the coagulation time bj'^ the observation of a transpaient 
bead moving in a tube containing blood The motion of the bead stops 
as soon as coagulation begins Sharp and Schleicher reported their 
lesults obtained with Bock’s erythrocytometer in the measurement of 
the diameters of red blood cells and concluded that this method, based 
on halometry, gives approximately the same values for the mean 
diameter of erythrocytes as those obtained with the Echelon ocular 
micrometer, with the advantage of being much less time consuming 

As an incentive to the display of inventiveness the enumeration and 
classification of platelets is rivaled only by the attractions of the sedi- 
mentation rate A modification of Rahdenburg’s method of counting 
platelets has been devised by Danilin,®®® a diluent, a 3 pei cent solution 
of sodium citrate, thirty-eight parts, and 1 pei cent malachite green, 
one part, being used For the count a red blood cell pipet is employed, 
and the platelets and erythrocytes aie enumeiated successively in the 
counting chamber Leslie and Sanford ®®’’ described a method of quan- 
titative and qualitative estimation of platelets m their own plasma, 
depending on a consideration of the coagulation times of whole plasma, 
platelet-free plasma and platelet-rich plasma Olef ®®® continued his 
investigations of platelets and differentiated them into four groups 

322 Rosahn, P D , and Casey, A E Quantitative V ariations in Hemacytologic 
Constitution of Healthy Men and Rabbits, Am J M Sc 192 456, 1936 

323 Olloz, M Zur Methodik der wiederholten Blutmengenbestimmung, 
Deutsches Arch f khn Med 178 647, 1936 

324 Hedenius, P Apparatus for Determining Coagulation Time of Blood, 
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55 82, 1936 
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according to size He found in cases of thrombocytosis and in some 
conditions associated with thrombopenia an absolute or relative increase 
m the number of small platelets, considered juvenile, which possess high 
agglutinating properties Incidentally, Olef’s technic of enumerating 
platelets, an indirect method employing a fresh wet preparation of 
diluted blood, has m our experience proved eminently satisfactory as 
regards both accuracy and convenience 

New methods of determining the sedimentation rate of erythrocytes 
have been described by various investigators Brooks®^® devised a tube 
fitted to a venipuncture needle with a stopcock near the end of the 
needle In this way, blood enters directly the calibrated tube, which is 
previously moistened with a solution of potassium oxalate Smith 
developed a technic for the use of capillary blood that is especially 
adapted to determinations for infants and children but similar m prin- 
ciple to the macromethods in general use A relatively simple photo- 
graphic apparatus for the automatic and continuous recording of the 
sedimentation rate is described by Lee He called it a sedimentometer 
Sasano, Oidway and Medlar®®- studied certain extiinsic factors which 
may influence the sedimentation rate Of these, temperature was most 
important, and they recommended that the test be made as a routine 
m an incubator at 37 5 C Changes in barometiic pressure produced 
slight but relatively insignificant differences Manipulation of the blood 
should be reduced to a minimum, because of its effect on the suspension 
stability Several anticoagulants were tested, and results closely agreeing 
with those secured with heparin were obtained by the use of a 1 1 pei 
cent solution of potassium or sodium oxalate, one pait of anticoagulant 
solution to three parts of blood Capillary blood may be used, and a 
formula is provided for coirection of the rate according to the volume 
of packed cells A general review of the subject of the sedimentation 
test, including a detailed exposition of his own method, has been pub- 
lished by Wintrobe ®®® 

329 Brooks, C New Method and New Pipette for Blood Sedimentation 
J Lab & Clin Med 21 971, 1936 

330 Smith, C H Method for Determining Sedimentation Rate and Red 
Cell Volume in Infants and Children with Use of Capillary Blood, Am J M Sc 
192 73, 1936 

331 Lee, T Sedimentometer Photographic Apparatus for Automatic Record- 
ing of Blood Sedimentation Rate, Brit M J 2 809 (Oct 24) 1936 

332 Sasano, IC T , Ordway, W H, and Medlar, E M Study of Certain 
Factors AVhich Influence Sedimentation Rates of Erythrocytes with Especial 
Emphasis upon Effect of Temperature, Am J Clin Path 6 432, 1936 

333 Wintrobe, M M Erythrocyte Sedimentation Test, Internat Clin 2 34, 
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Diseases of the Air and Food Passages of Foreign-Body Origin By 
Chevalier Jackson, MD, and Chevalier L Jackson, MD Price, $12 50 
Pp 994, with 2,000 illustrations, including 3 plates in colors Philadelphia 
W B Saunders Company, 1936 

This book IS divided into two parts The first part is 333 pages long and is in 
reality a textbook of diseases of foreign body origin The second part is 036 
pages long and tabulates the kinds of foreign bodies which the Jacksons have 
remo\ed in 3,266 instances from the air or food passages of their patients, the 
location of each foreign body, the type of operative procedure carried out in its 
removal and the result of treatment in each case 

To a medical layman unfamiliar with the authors’ methods the volume as a 
whole is as exciting as a mystery story The chapters in the first part of the 
book are delightfully written and are full of practical details regarding the etiology, 
the symptoms and the physical signs of foreign body deposits m the air or food 
passages About half the textbook deals with such matters The other half deals 
with treatment and describes bronchoscopy, esophagoscopy and the manner m which 
foreign bodies can be removed from the air or food passages 

The second part of the volume is equally engrossing It is composed of a 
senes of tables, and with each table is a photograph of the foreign body described 
There is a short summary giving the patient’s age , the nature of the foreign body , 
the anesthetic used in its removal , the problem presented, for instance, whether the 
safety pin m the larjmx was open, pointed upward or embedded or whether 
the false teeth in the esophagus required version before they could be extracted, 
the result of. the operative procedure, and the time required in its performance 

A book of this scope and character is bound to be extremely useful Medical 
men will find it good reading for what it has to say from the point of view of 
the diagnosis of the various conditions it describes All suigeons interested in 
bronchoscopy or esophagoscopy will wish to read it, and those who actually are 
concerned with the removal of foreign bodies from the air or food passages will 
find it an indispensable vade mecum 

Clinical Heart Disease By Samuel A Levine, M D Price, $5 50 Pp 445, 
with 97 illustrations Philadelphia W B Saunders Company, 1936 

The author of a textbook of medicine should be able to write clearly and con- 
cisely, should have something to teach and considerable experience m teaching 
it and should have a comprehensive experience covering the whole field about 
which he writes While embodying in his book the consensus of the best medical 
practice, he should not hesitate to state advanced ideas that have not yet received 
general acceptance but which have stood critical, practical tests in his own 
experience 

Dr Levine has met these qualifications and has achieved this end in his 
textbook He writes in a conversational style, as though standing at the beside 
of a patient and discussing the manifold aspects of a specific cardiac lesion How- 
ever, this facile st 3 de is a little misleading, and it is easy for the reader to over- 
look some important points 

The author announces his intention of writing a textbook for the general prac- 
titioner and then actually accomplishes this amazing feat No complicated system 
of classification or references are included The discussion of each type of cardiac 
disease includes sound advice as to treatment Careful perusal of the discussion 
of the correct interpretation of a systolic murmur should lessen the tendency to 
make a diagnosis of valvular lesion without justification and conversely should 
reduce the likelihood of failure to recognize a significant systolic murmur 
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The chapter on electrocardiography is clearly written and contains much of 
practical importance, but it is doubtful if the general practitioner will be able to 
use tins technical information to any great extent 

Altogether Dr Levine’s textbook will be of great value to the general practi- 
tioner, as well as to the physician who attempts to qualify as a specialist m the 
treatment of cardiac disease 

Klinik und Therapie der Herzkrankheiten und der Gefasserkrankungen 
By D Scherf Third edition Price, 690 marks Pp 290, with 10 illustra- 
tions Vienna Julius Springer, 1936 

The favorable reports given the previous editions of this volume may well 
be carried over to the third edition The title has been changed to include the 
section on diseases of the blood vessels, which has been added to the text 

The discussion of peripheral vascular disease is brief, m keeping with the 
general trend of the book Methods of investigation are first enumerated, such 
as observations on the temperature of the skin, oscillometry, the leactive test for 
hyperemia, tests of the reaction to histamine and roentgenographic visualization of 
vessels A brief but lucid description of the essential features of each disease is 
then given 

In the domain of cardiac disease itself, several new sections add completeness 
to the survey of the subject Congenital heart disease, pericarditis and bacterial 
endocarditis are considered A section on the important types of arrhythmia 
has been added and rectifies a conspicuous omission in former editions Extra- 
systoles, auricular fibrillation and the tachycardias, particularly paroxysmal 
tachycardia, receive the major consideration 

The general tone of the book remains unchanged All additions, in keeping 
with the older material, are brief but well written 

Cushny’s Pharmacology and Therapeutics Eleventh edition Revised by 
C W Edmunds, M D , and J A Gunn, M D , D Sc Price, $6 SO Pp 808,, 
with 70 illustrations Philadelphia Lea & Fcbiger, 1936 

The reviewer, in a general way, disapproves of attempts to perpetuate a book 
by publishing revisions after the original author is dead Often it seems as though 
the motive of the publisher is to retain the advertising value of a great name 
and that the man who revises the book could probably write a better text of his 
own This criticism hardly applies, however, in the present instance, since from 
the nature of the subject any alteration from the original will be more m the 
way of additions than revisions For example, the facts stated by Professor 
Cushny about morphine are probably as true today as they were at the time 
the first edition was published, and the task of bringing the book up to date is 
mainly one of describing agents which have been newly developed One does not 
have the problem of a complete change of point of view, such as obtains m a 
clinical subject It is a pleasure, therefore, to the reviewer to see again a new 
edition of this old friend in much the same format as the volume he labored over 
m student days 

The Stujiy of the History of Science By George Sarton Price, $1 50 
Pp 75, with 6 illustrations Cambridge Harvard University Press, 1936 

Nowadays m the program of medical education increasing emphasis is being 
placed on the history of medicine Students, who heretofore were taught nothing 
of the lore of the medical guild, now often become first class amateur historians 
and, occasionally, are trained as professional historians by those schools fortunate 
enough to have a department of medical history 

Here is a booklet to delight the heart of any one with a historical bent It 
sketches m barest outline what the study of the history of science means how 
such a study is conducted and whither such a study may lead It is charmin<^lv 
written It is the sort of volume that should be on the open shelves of every 
medical library as a particularly tempting morsel of bait to be gobbled uo bv 
hungry-minded students ^ ^ 
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A Textbook o£ Surgery By John Homans, M D Fourth edition Price, §8 
Pp 1,267, with 530 illustrations Springfield, 111 Charles C Thomas, 
Publisher, 1936 

The difficulty in the past with textbooks of surgery has been that too much 
stress has been laid on operative technic, which is of little value to the medical 
student, who must learn technic in the laboratory and the operating room Dr 
Homans recognizes all this and frankly emphasizes diagnosis and general principles 
of therapy rather than controversial points on whether to cut and suture here or 
there The book, nicely published, well illustrated and entertainingly written, 
appeals to the reviewer as by far the most useful textbook of surgery he has 
seen for the medical student 

Techniques chirurgicales By A Cosset Price, 125 francs Pp 434, with 219 
illustrations Pans Masson et Cie, 1936 

Professor Cosset and a group of his associates at the surgical clinic of the 
Salpetriere have collaborated in preparing this publication, which includes a 
description of the important construction details and equipment incorporated in 
the new clinic building, an outline of the organization and functions of the labora- 
tories, a chapter on sterilization of surgical supplies, a chapter on anesthesia and 
several chapters on surgical subjects selected at random The chapters on surgical 
subjects include general observations and reveal the management, especially the 
surgical procedures, applied at the Salpetriere m selected types of cases 

Differentialdiagnose in der inneren Medizm By Prof Dr Med O Naegeh 
Price, 9 60 marks Pp 414, with 42 charts Leipzig Georg Thieme, 1936 

This volume is one section of a larger work on differential diagnosis in internal 
medicine One naturally has respect for anything written by Professor Naegeh, 
but the reviewer doubts the value of dealing with differential diagnosis as an 
isolated subject, and this feeling is supported in the present instance It seems 
that the matter herein contained would be more useful if presented in connection 
with a complete discussion of the various diseases 

Arbeit und Gesundheit Edited by Martineck Number 28 Kreislauf- 
krankheiten und Nierenkrankheiten bei Kriegsbeschadigten Haufig- 
keit, Erscheinungsform und Verlauf By Dr Ludwig Delius Price, 
4 marks Pp 125, with 8 tables and 17 charts Leipzig Georg Thieme, 1936 

This little volume deals with follow-up studies of patients who acquired 
nephritis or cardiac disease during the war The chief conclusion is that the 
nephritis ran the usual course of Bright’s disease, 50 or 60 per cent of the patients 
recovering completely and the remainder showing chronic changes 

Die Sternalpunktion als diagnostische Methode By Hans Schulten, M D 
Price, 18 marks Pp 82, with 16 plates Leipzig Georg Thieme, 1937 

This book gives an admirable discussion of the histologic picture of bone 
marrow The technic of obtaining material by sternal puncture is taken up in 
detail, and there are many excellent plates of marrow cells in various diseases 


News and Comment 


AMERICAN HEART ASSOCIATION, INC 

The Thirteenth Scientific Session of the American Heart Association will be 
held on June 7 and 8, 1937, from 9 30 a m to 5 30 p m , m the Viking Room, 
Hotel Haddon Hall, Atlantic City, N J On Monday, June 7, the program of 
the Section for the Study of the Peripheral Circulation will be given The general 
program will be presented on Tuesday, June 8 



INDEX TO VOLUME 59 


Book re\le«s are grouped together md ire 
Indexed under that heading in alphabetical order 
under the letter B 

Abscess See under names of organs and regions 
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Adams, M Intake of potassium. Important con- 
sideration in Addison s disease , metabolic 
study, 3C7 

Addison’s Disease, clinical use of extract of 
adrenal cortex, report on 34 casts of Addi- 
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witli review of literature, 759 
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Adenocarcinoma, generalized xanthoma tubero- 
sum with xanthomatous changes in fresh 
scars of intercurrent zoster , adenocarcinoma 
of ampulla of Vater at necropsj, 793 

Adrenal Preparations, clinical use of extract 
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1937 with review of literature, 759 

Adrenals, role in carbohydrate metabolism, 357 
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Anemia Agranulocytic See Angina, agranulo- 
cy tic 

and hepatic disease, 752 

associated with cancer, 1005 

associated with endocrine dysfunction, 1067 

associated with other disease entities, hemo- 
lytic anemia, 1004 

hvpocliromic and microcytic of iron deficiency 
type, IOCS 


Anemia — Continued 

influence of gastric acidity ^and degree of 
anemia on iron retention, 785 
macrocytic, other than pernicious anemia, 
1061 

of pregnancy, 1073 
pernicious, etiology, 1051 

pernicious, symptomatology, changes in blood 
and manifestations due to lesions In spinal 
cord and brain, 1055 
pernicious, treatment, 1058 
retcnlion and utilization of orally administered 
iron, 561 

splenic, Banti’s disease, 1084 
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Angina pectoris, 913 
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coronary heart disease, 913 

Arteriosclerosis, relation of experimental athero- 
sclerosis to diets rich in vegetable protein, 
660 
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Bethell, P H Blood, review of recent litera- 
ture, 1051 
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clinical syndromes associated with biliary 
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roentgenography, cholangiography, 726 

Biliary Tract See also Bile Ducts, Gallbladder, 
Liver 
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and calcium of serum in disease of liver 
and biliary tract, study of 123 cases, 981 



INDEX TO VOLUME 59 


Billarv Tract—Contimiecl 
plijsiolOKj of 724 

pressure relationships ^\lthin biliary tract 724 

Bischoff F Tieatment of essential hjperten- 
sion a^itli depressoi substance prepared fiom 
urine, 136 

BlatberwicK, R Chronic nepbiitis in rats 
fed high protein diets 572 

Blood changes in blood associited \Mth infec- 
tion 1066 

definite disease entities of 1076 
Diseases See Anemia , Deiihemia , etc 
djscrasias, hone marron in diagnosis of 1107 
hematologic technic, 1109 
nitrites 620 

phosphatase actiiitj inorganic phosphorus 
and calcium of serum in disease of liier 
and hiiiarj tract, studj of 123 cases 981 
phosphatase m jaundice, 1045 
pressure effect of magnesium on lasciiiar 
spasm in rats, 714 

pressure high, arterial lijpertension 910 
pressure high, treatment of essential and ma- 
lignant lijpertension hj section of anterior 
nerve roots 245 

pressure high, treatment of essential hjper- 
tension with depressor substance prepared 
from urine 136 

proteins and hepatic disease, 752 
reversible autohemagglutination witli peiiph- 
eral vascular sjmptoms 107 
review of recent literature, 1051 
sjmptomatologj changes in blood and mani- 
festations due to lesions in spinal cord and 
brain 1055 

transfusion renal insufflciencj from , relation 
to urinarj aciditj, 432 

Bodansky M Clinical significance of creatine 
reserve of human heart, 232 

Bones fragilitj brittle bones and blue scleras 
in 5 generations 41 

marrow in diagnosis of blood djscrasias, 1107 

Book Reviews 

Anales del centra de im estigaciones tisio- 
logicas R A Izzo 560 
Aparato respiratorio , F Martinez and I Ber- 
consky 173 

Applied Dietetics for Adults and Children in 
Health and Disease, S Blum 558 
Arbeit und Gesundheit edited bj Martineck 
No 28 Krelslaufkrankheiten und Nieren- 
krankheiten bei Kriegsbeschadigten Haufig- 
keit Erschemungsform und 1 erlauf , L 
Delius 1114 

Art of Treatment W R Houston 559 
Basal Metabolism in Health and Disease , E 
F Du Bois 757 

Bj -Effects in Salvarsan Therapj and Their 
Preiention, V Genner 173 
Clinical Heart Disease S A Leiine 1112 
Collected Writings A F Hess, 754 
Cushnj s Pharmacology and Therapeutics, 
C W Edmunds and J A Gunn 1113 
Deficiencj of A Vitamin and Ahsual Djsapta- 
tion, C Edmund and S Clemmesen 557 
Diabete sucre Questions control eisees de 
Clinique et de pathogenie , E Aubertin and 
others, 930 

Differentialdiagnose in der inneren Medizin , 
0 Naegeh, 756, 1114 


Book Reiieus — Continued 

Diseases of Air and Food Passages of For- 
eign-Bodj Origin, C Jackson and C L 
Jackson 1112 

Einheimische Spiue , K Hansen and H ion 
Staa, 758 

Endocrinology in Modern Practice, AV AA'olf, 
560 

Endokrine Krankheiten I Medizimsche 
Pra\is , H Cuischmann 758 
E\ophthalmic Goitei and Its Aledical Treat- 
ment, I Bram, 559 

Experimental Studies on Transmissible Mje- 
lomatosis (Reticulosis) in Mice , 0 Kaa- 
Iiind-J0rgensen, 365 

Exploration radiologique des colons et de 
1 appendfce an nioj en des solutions fiocu- 
lantes Images de muqueuses G Alaingot, 
R Sarsin and H Dulcos, 365 
Food and Beierage Analises, M A Bridges 
757 

Gefasserweiternde Stofte der Geivebe, J H 
Gaddum and H H Dale, 174 
Glandular Physiology and Therapj Sym- 
posium Piepared Undei Auspices of Coun- 
cil on Pharmacy and Chemistry of Ameri- 
can Medical Association 756 
Grunarlss der inneren Medizin , A von 
Domarus, 758 

Index of Treatment, edited by R Hutchinson, 
366 

Klinik und Therapie der Heizkranklieiten 
und der Gefasseikranknngen , D Sclierf 
1113 

Lesions du pancreas et troubles fonctionnels 
panel eatiques , M Bolgeit, 174 
Nebennierenrinde , S Thaddea 930 
Parenteral Therapy Ready Reference Man- 
ual of Extra-Oral Medication , AV F Dut- 
ton and G B Lake, 929 
Rontgenkymographische Beuegungslehre in- 
nerer Organe P Stumpf, H H AA'ebcr 
and G A Leltz, 556 

Specificity of Serological Reactions , K Land- 
steiner, 366 

Stemalpunktion als diagnostische Metliode , 
H Schulten, 1114 

Study of History of Science , G Sarton, 1113 

Synopsis of Clinical Laboratory Methods, 
AA' E Bray 755 

Syphilis gastrique , A Landau and J Held, 
930 

Techniques chiruigicales , A Gosset, 1114 
Tension mediana dinamica , A Cammarota, 
558 

Textbook of Surgery , J Homans 1114 
Theory and Practice of Psychiatry , AA' Sad- 
ler, 930 

Thyroid, E P Sloan, 560 
Treatment in Geneial Practice Management 
of Some Major Aledical Disorders 173 

Books received, 174 

Boshes B Carbohydrate metabolism in epi- 
lepsy, 1000 

Boston I N Generalized xanthoma tuber- 
osum with xanthomatous changes in fresh 
scars of intercurrent zoster, adenocarci- 
noma of ampulla of A'’ater at necropsy 
793 

Boynton R E Development of tuberculosis 
in adult life 1 

Bradshaw', P J Chronic nephritis in rats fed 
high protein diets 572 



INDEX TO VOLUME 59 


Brim h "W Unusual RljcoKcn Stonge in case 

of disbetes mellltus, GS5 

Briglit’s Disease See Ivepbritis 

Broun 0 E Essential thrombopiiilla , report 
of j cases, 82 

Buildlngli, G T Acute acgctatlse endocarditis 
caused bj Bacillus dlphtlicrlae, 59T 

Bullona, T G M Endemic pneumonia, pneii- 
mococctc tipes and their ^ariatIons in 
incidence and inoitalit> for aduits and 
tiiiidren, 394 

Calcium in Blood &ee under Blood 

Cancer Sec also under names of organs and 
regions 

anemia assocl ited ulth, 10G5 

Cintaiou, A Scrum phosphatase in jaundice, 
1041 

Carbolijdratos See also Deatrose 
metabolism, role of adrenal glands in_, 357 
metabolism, role of hjpophjsis in, 352 
tolerance and exercise, 3G3 

Carbon monoxide poisoning, cardiac sjmptoms 
of, 920 

Cirdlospasm See under Stomach 

Cardlor oscular Diseases Sec Heirt 

Cardior oscular Sjstcm Sec Arteiles, Heart, 
etc 

Chloroma, review of literature from 192G to 
193G and report of 3 cases, C91 

Cholanglographj Sec Bile Ducts, roentgen- 
ogr tphy 

Cholccjslcctomi See under Gallbladder 

Cicatrix, generalized xantlioma tuberosum xvrtlr 
xanthomatous changes in fresh scars of 
rnteicurrent zoster, adenocaiclnoniis. of 
ampulla of Vater at nccropsj, 793 

Coccldioldes infection, 1029 

Coma Sec under Diabetes Mellltus 

Connollj, J M Chronic neplintls in rats fed 
high protein diets, 572 

Connor C L Chronic relapsing latent menin- 
geal plague, 9G7 

Creatine, clinical slgniflcance of creatine re- 
sene of human heart, 232 

Cushing E 11 Dlrerticulura of pericardium, 
50 

Crstb See under names of organs and regions 

Deafness, brittle bones and blue scleras m 5 
generations, 41 


Diabetes Mellltus — Continued 
dl ibetic coma, 175 
diignosis of, 343 

exercise and carbolijdrate tolerance, 303 
fittj degeneration of lircr in pancreatic dia- 
betes, 3G0 

public health problem, 34G 
role of adrenal glands in carbolndrate 
metabolism, 357 

role of Irspoplnsis in caibolndiatc metab- 
olism, 352 
tiicoij of, 347 
treatment of, 329 

rmiisual glj cogen storage in case of, 085 

Dlchson, E C Coccidioides infection, 1029 

Dichl, H S Derelopment of tuberculosis in 
adult life, 1 

Digestive Tiact Sec Gastro-lntestiiral tract. 
Intestines , Stomach , etc 

DIodrast See under Kidnejs 

Diphtheria, acute vegetative endocarditis caused 
bj Bacillus diplitheriae, 597 

Disease, high .altitude disease, 32 

Doubllet, H Absorption of fat from ileum in 
human beings, 857 

Drugs, allergj, 109 

Duff, 3 B Clinical slgniflcance of creatine 
reserve of human heart, 232 

Eczema, 165 

Eddie, B Chronic relapsing latent meningeal 
plague, 9C7 

Electiocardlogiam See Heart, electrocardi- 
ography 

Elliot, A H Treatment of essential hyper- 
tension with depressor substance prepared 
from mine, 136 

Endocarditis, acute regetathe, caused by Bacil- 
lus diphtheriae, 597 
bacterial, 909 

nonbacterlal thrombotic, 919 

Endocrine Glands, anemia associated with en- 
docrine dysfunction, 1007 

Epilepsy, carbohydrate metabolism in, 1000 

Erjtliema nodosum, pathogenesis with refer- 
ence to tuberculosis, stieptococcic infection 
and rheumatic ferer, 05 

Erythremia See Polj cj themia 

Esophagus, anatomic features of cardiac orifice 
of stomach with reference to caidiospasm, 
474 


De.itli R ite See Vital Statistics 

Defleienoj Diseases See also Autntion, 3'^ita- 
niiiis , etc 

g istio-intestlnal tract in relation to, 552 

DeGowin, E E Renal insufflciency from blood 
tr insfusion , relation to urlnarj aciditj , 432 

Dehjdratloii in diabetes, 363 

metabolism in epllepsj. 

Diabetes Mellltus, acidosis and coma, 344 
and tuberculosis, 340 
delijdration in, 303 


Exercise and carbohvdrate tolerance, 303 
Passive Vasculai See under Extremities 

Extremities, treatment of occlusive arterial dis- 
ease bj passu e v ascular exercise , report 
of 08 cases, 705 


Fat, ^absorption from ileum in human beings, 

fattv infiltration of liver, 739 
Intermediary metabolism of, 735 
metabolism and liver, 733 

of urobilinogen , per diem excre- 
tion of urobilinogen in common forms of 
jaundice and disease of liver, 200 



INDEX TO VOLUME 59 


Feces — Continued 

studies of urobilinogen , urobilinogen in 
urine and feces of subjects without eil- 
dence of disease of liver or biliary tract, 
19G 

Feller, A E Treatment of occlusive arterial 
disease of extremities by passive vascular 
exercise, report of 68 cases, 705 

Finland, M Clinical significance of bacteremia 
in pneumococcic pneumonia, 602 

Flood, C A Phosphatase activity, inorganic 
phosphorus and calcium of serum in dis- 
ease of liver and blllarj tract, study of 
123 cases, 981 

Fowler, W M Infiuence of gastric acidity and 
degree of anemia on iron retention 785 
Hetention and utilization of orally admin- 
istered iron, 561 

Eetention and utilization of small amounts 
of orally administered iron, 1024 

Fragilitas Osseum See Bones, fragility 

Fray, W W Pulmonary capacity in lobar 

pneumonia with reference to collapse 
therapj, 408 

Frejberg B H Relation of experimental 
atherosclerosis to diets rich in vegetable 
protein, 660 

Fungi in allergy, 167 

Gallavan, M Simmonds’ disease (anterior 

hypophj sial insufficiencj ) , report of 2 
cases with autopsy, 865 

Gallbladder See also Bile , Bile Ducts , Biliary 
Tract 

effect of cholecystectomj , 732 
pharmacologic studies, 729 

Gastric Juice See under Stomach 

Gastro-intestinal tract in relation to deficiency 
diseases, 552 

Glomerulonephritis See under Nephritis 

Glycogen, glyconeogenesis, 362 
unusual glycogen storage in case of diabetes 
mellitus 685 

Goldhamer S M Blood, review of recent 
literature, 1051 

Grabfleld, G P Nitrogen and sulfur metabo- 
lism in Bright’s disease effect of ingestion 
of urea on nitrogen excretion and sulfur 
partition in nephrosis, glomerulonephritis 
and cirrhosis of liver 823 

Granulocytopenia See Angina, agranulocytic 

Granuloma, Coccidioidal See Coccidioides 

Grayblel A Diseases of heart, review of 
some contributions made during 1936, 892 

Greene, C H Clinical use of extract of 
adrenal cortex, report on 34 cases of 
Addison’s disease studied between 1930 and 
1937 with review of literature 759 
Liver and biliary tract, review for 1936 724 

Gutman, A B Phosphatase activity, inorganic 
phosphorus and calcium of serum In disease 
of liver and biliary tract, study of 123 
cases, 981 

Gutman, E B Phosphatase activity, inorganic 
phosphorus and calcium of serum In dis- 
ease of liver and biliary tract, study of 
123 cases, 981 


Handelsman, AI B Liver and biliary tract, 
review for 1936, 724 

Hartog, HAP Cliest leads in electro- 
cardiograph j, 448 

Harvej, A M Salmonella suipestifer infection 
in human beings, review of literature and 
report of 21 new cases, 118 

Hay fever, 158 

Headache See Migraine 

Heart See also Arrhjthmla, Endocarditis, 
etc 

amjloidosis, 919 
athletic, 921 

cardiac symptoms of carbon monoxide 
poisoning 920 

clinical significance of creatine reserve of 
human heart, 232 
diseases, congenital, 904 
diseases review of some contributions made 
during 1936, 892 

electrocardiography, 901 
electrocardiography, chest leads in, 448 
failure and its treatment, 924 
Infarction See Thrombosis, coionary 
pathologic changes in typhus fever, 920 
pellagra associated with cardiac disorders, 
920 

pliysiology and experimental patliology, 892 
Rheumatic Disturbances See Rheumatic 
Fever 

roentgenology, 896 

Hematology See under Blood ' 

Hemochromatosis, 364 

Hemophilia, 1083 

Hemorrhage See Hemophilia , Purpura haem- 
orrhagica 

Hepatitis See under Liver 

Herpes zoster , generalized xanthoma tuberosum 
with xanthomatous changes in fresh scars 
of intercurrent zoster , adenocarcinoma of 
ampulla of A'ater at necropsy, 793 

Heuer, G J Treatment of essential and 
malignant h>pertension by section of 
anterior nerve roots, 245 

Hills R G Brittle bones and blue scleras in 
5 generations, 41 

Hodgkin’s Disease See Lymphogranuloma 

Hypertension See Blood pressure, high 

Hypophysis See Pituitary Body 

Icterus See Jaundice 

Ileum See under Intestines 

Infection, changes in blood associated with 
infection, 1066 

Insulin See also Diabetes Jlellitus 
sensitivity to, 347 

Internal Secretions See Endocrine Glands 

Intestines, absorption of fat from Ileum in 
human beings, 857 

Iodine poisoning from cutaneous application, 
rare aspect of its toxicologic properties, 952 



INDEX TO VOLUME 59 


Iron. Influence of gastric acidity and degree 
of anemia on Iron retention, i8o 
retention and utilization of orallj adminis- 
tered Iron, 5G1 

retention and utilization of small amounts 
of orally administered iron, 1024 

Isaacs It Blood, review of recent literature, 
1051 

Jaundice, scrum phosphatase in, 1045 
studies of urobilinogen, pec diem e\cretlon 
of urobilinogen In common forms of jaun- 
dice and disease of liver, 206 

Joints, diseases, pyarthrosls and osteomyelitis 
due to Salmonella sulpestlfer, 123 

Joslln, A P Diabetic coma, 175 

TosIIn, E P Diabetic coma, 175 

Kaltreidcr, N L Pulmonary capacity In lobar 
pneumonli with reference to collapse 
therapy, 408 

Kandel, E V Chloroma , review of literature 
from 1926 to 1936 and report of 3 cases, 
601 

Kendall, F C IntaKe of potassium, important 
consideration In Addison's disease, meta- 
bolic study, 367 


Liver — Continued 

fatty Infiltration of, 739 
Glycogen See under Glycogen 
phosphatase activity. Inorganic Phospboras 
and calcium of serum m disease of liver 
and biliary tract, study of 123 cases, 981 
studies of urobilinogen , per diem evcretlon 
of urobilinogen in common forms of jaun- 

* _ _ nnci 


syphilis of, 744 

Lungs, pulmonary Involvement in Salmonella 
sulpestlfer infections, 121 

Lymphogranuloma, Hodgkin's disease and re- 
lated conditions, 1085 


McCombs, R P Reversible autohemagglutina- 

tion with peripheral vascular symptoms, 
107 

JIcElroy, J S Reversible autoliemagglutina- 

tion with peripheral vascular symptoms, 107 

AIcLanahan, S Brittle bones and blue scleras 
in 5 generations, 41 

Magee M C Changing incidence of tuber- 
culosis of tonsils, 445 

Alagnesium, effect on vascular spasm in rats, 
714 

Malmitniion See Nutrition 


Kepler, E J Intake of potassium, important 
consideration in Addison s disease , meta- 
bolic study, 307 

Kidneys, Diseases See Nephritis 
renal Insufficiency from blood transfusion, 
relation to urinary acidity, 432 
renal lesion in orthostatic albuminuria, 848 

roentgenographlc study of orthostatic al- 
buminuria by means of injections of 
diodrast, 837 

Korns H 51 Treatment of occlusive arterial 
disease of evtremlties by passive vascular 
exercise, report of 68 cases, 705 


Slarble, A Diabetic coma, 175 

5 Iedlar, E 51 Chronic nephritis in rats fed 
high protein diets, 572 

Meninges, chronic relapsing latent meningeal 
plague, 967 

5Ietabolism, diseases of metabolism and nutri- 
tion, review of certain recent contributions, 
329, 512 

5Ieyer, K F Chronic relapsing latent men- 
ingeal plague, 967 

5Iigraine, 171 


Lactation and pregnancy, 547 


5Ionge, C High altitude disease, 32 


Lendrum, F C Anatomic features of cardiac 
orifice of stomach with reference to cardio- 
spasm, 474 

Leukemia, 1092 

chloroma, review of literature from 1926 to 
1936 and report of 3 cases, 691 

monocytic, report of 6 cases and review of 
127 cases, 931 

Levin, E A Torula Infection of central 
nervous system, 667 

Light effect of sunlight on clinical manifesta- 
tions of pellagra, 631 

Liver See also Biliary Tract 
and biliary tract , review for 1936, 724 
and metabolism of fat, 733 

cirrhosis nitrogen and sulfur metabolism in 
Bright’s disease, effect of Ingestion of urea 
on nitrogen excretion and sulfur partition 
in nephrosis and cirrhosis of liver, 823 
diseases and anemia, 752 
diseases, and pruritus, 753 
diseases, and serum proteins, 752 

diseases, metabolism of amino-acids and 
ammonia in, 744 

diseases, treatment of hepatic disease, 746 
fatty degeneration in pancreatic diabetes, 360 


5Iononucleosls, infectious, 1102 

Myers, J A Development of tuberculosis in 
adult life, 1 


Nelson, J Serum phosphatase in jaundice, 
1045 


Nephritis See also Albuminuria , Kidneys, dis- 
eases 

chronic, in rats fed high protein diets, 572 

nitrogen and sulfur metabolism in Bright’s 
disease , effect of ingestion of urea on 
nitrogen excretion and sulfur partition In 
nephrosis, glomerulonephritis and cirrhosis 
of liver, 823 

Neplirosis See Kidneys, diseases , Nephritis 

Nerves, treatment of essential and malignant 
hj'pertension by section of anterior nerve 
roots, 245 


Nervous System, involvement due to Salmonella 
sulpestlfer, 126 

symptomatology, changes in blood and mani- 
festations due to lesions in spinal cord and 
brain, 1055 


^Df®ction of central nervous system. 


Neurofibromatosis Recklinghausen’s, 
manifestations in 31 cases, 299 


clinical 



I AW EX TO VOLUME 59 


^Nitrites in Blood See Blood nitrites 

^ltrogen and sulfur metabolism in Bright's dis- 
ease , effect of ingestion of urea on nitrogen 
excretion and sulfur partition In nephrosis 
glomerulonephritis and cirrhosis of Iher 
823 

Nutrition diseases of metabolism and nutrition, 
reiieu of certain recent contributions, 329, 
512 

frequenci, recognition and treatment of de- 
flciencj states 548 

occurrence of other essential foodstuffs 545 

Nuzum, F R Treatment of essential Inper- 
tension iiith depressoi substance prepared 
from urine, 13G 

Njgaard K K Essential thrombophilia, re- 
port of 5 cases, 82 


Osgood, E E Blonocjtic leukemia, report of 
6 cases and revleu of 127 cases, 931 

Osteitis Fragilitas See Bones, fragility 

Osteogenesis Imperfecta See Bones, fragility 

Osteomyelitis and pyartlirosis due to Salmonella 
sulpestifer 123 

Osterhagen H F Renal insufficiency from 
blood transfusion i elation to urinary 
acidity, 432 


Page I H Treatment of essential and malig- 
nant hypertension by section of anterior 
nerve roots 245 

Palmer A E Blood nitrite, 620 

Pancreas fatty degeneration of liier in pan- 
creatic diabetes, 360 

Pavaex Therapy See under Extremities 

Pellagra and vitamin B 527 

associated with cardiac disorders, 920 

effect of sunlight on clinical manifestations 
of, 631 

review of 440 cases of 883 

Pericardium diverticulum of 56 

Persons E L Unusual glycogen storage in 
case of diabetes mellitus 685 

Phosphatase in Blood See under Blood 

Phosphorus in Blood See under Blood 

Pilcher J F Clinical significance of creatine 
reserve of human heart 232 

Pituitary Body diseases Simmonds disease 
(anterior hypophysial insufficiency) report 
of 2 cases with autopsy, 865 

role of hypophysis in carbohydrate metabo- 
iism, 352 

Plague chronic relapsing latent meningeal 
plague, 967 

Pneumonia, endemic pneumococcic types and 
their variations in incidence and mortality 
for adults and children, 394 
lobar, pulmonary capacity in with reference 
to collapse therapy, 408 
pneumococcic, clinical significance of bac- 
teremia in, 602 

Pneumothorax, artificial , pulmonary capacity in 
lobar pneumonia with reference to collapse 
therapy, 408 


Pollock E T Carbohydrate metabolism in 
epilepsy, 1000 

Polycythemia, 1076 

high altitude disease 32 

Post, A L Chronic nephritis in rats fed higli 
protein diets 572 

Potassium intake, important consideration in 
Addison’s disease, metabolic study 367 

Picgnancy and lactation, 547 
anemia of, 1073 

Prescott B Nitrogen and sulfur metabolism 
in Bright’s disease , effect of ingestion of 
urea on nitrogen excietion and sulfur 
partition in nephrosis, glomerulonepiirltls 
and cirrhosis of liver, 823 

Proteins chronic nephritis in rats fed liigli pro- 
tein diets, 572 

relation of experimental atlierosclerosis to 
diets rich in vegetable protein, 660 

Piuiitus and hepatic disease 753 

Purpura haemorrhagica, 1079 

Pyartlirosis See Joints, diseases 


Rackemann, F M Allergy , review of litera- 
ture of 1936, 144 

Rapoport, M Effect of magnesium on vascular 
spasm m rats, 714 

Recklinghausen’s Disease See Neurofibromatosis 

Reiner M Absorption of fat from ilciim in 
human beings, 857 

Rheumatic Fever patliogenesis of erythema 
nodosum with reference to tuberculosis, 
streptococcic infection and rheumatic fever, 
65 

rheumatic heart disease 905 

Root, H F Diabetic coma 175 

Rubin 51 I Effect of magnesium on vascular 
spasm in rats, 714 

Ruffin J 51 Effect of sunlight on clinical 
manifestations of pellagra, 631 

Rynearson, E H Intake of potassium, impor- 
tant consideration in Addison’s disease, 
metabolic study, 367 

Rytand, D A Renal lesion m orthostatic 
albuminuria, 848 

Roentgenographic study of orthostatic al- 
buminuria by means of injections of dio 
drast, 837 

Salmonella suipestifer infection in iiuman be- 
ings, review of literature and report of 
21 new cases, 118 

Sawyer, S D Chronic nephiitis in rats fed 
high protein diets, 572 

Scars See Cicatiix 

Schechter, A J Unusual glycogen storage 
in case of diabetes mellitus, 685 

Sclera, blue and brittle bones in 5 genera- 
tions, 41 

Secretions, Internal See Endocrine Glands 

Sensitization See Anaphylaxis and Allergy 



INDEX TO VOLUME 59 


‘<c\mniir. B , Tr I’oisoninp from cutaneous 
application of iodine, rare aspect of its 
to\i(OIoplc properties, 952 


‘-li.arpt 1 C BccKlinKitausen’s neuronbroma- 
losls, clinic a manifestations m cases, 
2'i0 


‘slmrnonds Disease See Pituitarv Bodj, dis- 
eases 

Smitli, B T LfTect of sunllRht on clinical 
manifestations of pellagra, G31 

1 S Chronic relapsing latent menin- 
geal plague, 107 

Snell, A JI Inlabe of potassium important 
consldciation in Addisons disease, meta- 
bolic stiidj, 3G7 

Soclcllts American Heart Association, Inc , 
meeting, 1114 

Splelbagen, G V Retention and utilisation of 
small amounts of orallj administered iron, 
1024 

Spink, W H Patbogencsls of erjtliema 
nodosum nitli reference to tuberculosis, 
streptococcic infection and rheumatic 
fever. Go 

Sports See Athletics 

Steegmann A T SImmonds’ disease (anterior 
Inpophjslal insufllclencj) , report of 2 
cases Mlth autopsj, 803 

Stlcglltr, r 1 Blood nitrite, 020 

Stoni ich See also Gastro-intostinal tract 

anatomic features of cardiac orifice of 
stomach uith reference to cirdlospasm, 474 

Influence of gastric acldltj and degree of 
anemia on Iron retention, 783 


Tracli B Deielopment of tubeicuiosls in 
adult life, 1 

Tuberculosis See also Tonsils, tuberculosis 
and diabetes, 34G 
development In adult life, 1 

pathogenesis of erjtliema nodosum with ref- 
erence to tuberculosis stiept_ococcic infec- 
tion and rheumatic fever, 03 

Tjpluis fever pathologic changes in heart in, 
920 


Urea, nitrogen and sulfur metabolism in 
Bright’s disease , effect of ingestion of urea 
on nitrogen evcretion and sulfur partition 
m nephrosis, glomerulonephritis and cirr- 
hosis of liver, 823 

lirinc, renal insufliciencj from blood trans- 
fusion , relation to urinarj acidit> , 432 

studies of urobilinogen , per diem eacretlon 
of uiobilinogen in common forms of jaun- 
dice and disease of liver, 20G 

studies of urobilinogen , urobilinogen in 
urine and feces of subjects without evi- 
dence of disease of liver or billaij tract, 
196 

treatment of essential hj'pertenslon with de- 
pressor substance prepared from urine, 136 

Urobilinogen, studies of, per diem evcretion 
of urobilinogen m common forms of jaun- 
dice and disease of liver, 206 

studies of, urobilinogen in urine and feces 
of subjects without evidence of disease of 
liver or billarv tract, 196 

Urticaria, 1G8 

Uveoparotid Fever, uveoparotitis 64C 

Uveoparotitis See Uveoparotid Fever 


Stieptococcl, pathogenesis of erjtliema nodosum 
with reference to tuberculosis, streptococcic 
Infection and rheumatic fever. Go 


van Nieuwenhuizen, C U C Chest leads in 
electrocardlographj', 448 


Stuigis C C Blood, review of recent litera- 
tuie, 1051 

Sulfur and nitrogen metabolism In Bright’s dis- 
ease , effect of ingestion of urea on nitro- 
gen eacretion and sulfur partition in 
nephrosis, glomerulonephritis and cirrhosis 
of liver, 823 

'Sunlight Sec Light 

Suprarenals See Adrenals 

Svdciistrlcker, t P Review of 440 cases of 
pellagra, 883 

Sv philis Ssec under names of organs and 
regions, as Liver, svphills, etc 


Tan Zile Hjde H Pulmonary capacity in 
lobar pneumonia with reference to collapse 
tlierapj, 408 

Vasomotor Sjstem, effect of magnesium on 
vascular spasm in lats, 714 

Vater’s Ampulla, generalized \anthoma tuber- 
osum with \anthomatous changes in fresh 
scars of intercurient zoster, adenocarci- 
noma of ampulla of Vater at necropsy, 793 

4 cnous Pressure See Blood pressure 

Vital capacitj, puhnonarv capacity in lobar 
pneumonia with leference to collapse 
therapy, 408 


Thompson, V C Uveoparotitis, C4G 
Tlirombocv topeni 1 See Purpura 
Tliromhophilia, essential, report of 3 cases, 82 
Tiirombosis, coronarj 917 
nonbacteilal thrombotic endocarditis, 919 

Tllgbman R C Clinical significance of bac- 
teremia in pneumococcic pneumonia, C02 

^°”443 changing incidence of. 

Torulosis, Tonila infection of central nervous 
s^stcni, GGi 


Vital Statistics, clinical significance of bacter- 
emia in pneumococcic pneumonia, G02 


Vitamins See also Deficiency Diseases 

A, dailj requirements, 312 

A deflciencj, lecognition and frequencj of 
states of 517 

B and pellagia, 527 

B coniplea, 519 


i.iemuus or lecognition and frequencj of 
states of deflciencv from lack of compo- 
nents of vitamin Bi complex, 529 
C 530 



INDEX TO VO LOME 59 


vitamins — Continued 

C deficlencj, recofeiiition, frequency and 
treatment of states of, 537 

D, 538 

B deficiency, recognition of states of. 543 

E, 543 

G and vitamin K, 544 

Watson, C J Studies of urobilinogen, per 
diem excretion of urobilinogen in common 
forms of jaundice and disease of liver, 200 

Studies of urobilinogen, urobilinogen in 
urine and feces of subjects witliout evi- 
dence of disease of liver or biliarj’ tract, 
196 

Weldman, E B Generalized xanthoma tuber- 
osum with xanthomatous changes in fresh 
scars of intercurrent zoster , adenocar- 
cinoma of ampulla of ^ ater at necropsj, 
793 

Vliite P Biabetic coma, 175 


While, P B Blseases of heart , review of 
some contiibutlons made during 1936, 891 

Wilbur, B Jj Biseases of metabolism and 

nutrition, review of certain lecent contribu- 
tions, 329, 512 

Wilcox, C Endemic pneumonia, pneiimococcic 
tjpes and their variations in incidence and 
mortality for adults and children, 394 

Wilder, R M Biseases of metabolism and 

nutrition, review of certain recent con- 
tributions, 329, 512 

Intake of potassium, important consideration 
in Addison’s disease , metabolic study, 307 

Xanthoma tuberosum, generalized with \antho 
matous changes in fresh scars of intercur- 
rent zoster, adenocaroinoma of ampulla of 
Vatei at necropsy, 793 

Young, R H Recklinghausen’s neurofibroma- 
tosis , clinical manifestations in 31 cases, 
299 




